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$9 Do here moft. humbly lay 
= dus. (mall, Prefent. ac. Your 
P. Majefties Royal feet... And 
ates though it comes accampa- 
Any'd with two difadvantagessthe meanne/s 
-of the Author, and of the Subjed; yet 
in both I am incomraged by the greatne/s 
of your Mercy, and. your., Knowledge. 
-By the. ovel-am taught, that you can 
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v3» Fret my Addrof? to our Great’ Founder and Pa- 
ye. tron, 1 could not but think my felf. oblig'd ; 
os in confideration of thofe many IncaSweegs 
Zag you have ldid upon me , to offer thefe my 


a4 UM poor Labours to. this MOST BELU 
STRIOUS ASSEMBLY, YOU have: been 
pleas'd formerly to accept of thefe rude Draughts. I have fince 
added to them fome Defcriptions, and fome Conjeciures of my 
own. Andtherefore, together with YOUR Acceptance, I muft 
alfo bez YOUR pardon. The Rules YOU have prefcrib d YOUR 
felves in YOUR Philofophical Progrefs do feem the beft that 
have ever yet been pra&tis'd,. And; particularly that of avoiding 
Dogmatizing , andthe efpoufal of any Hypothefis not fufficiently 
grounded"and confirm'd by Experiments. This way feems the 
moft excellent, and may preferve both Philoopby and Natural 
Hiflory from its former Corruptions.In faying which, I may feem 
to condemn my own Courfe in this Treatife ; in which there 
may perhaps be fome Expreffians, which may (imm more pofitive 
then YOUR Prefcriptions will permit; And though] defire 
to have them underftood only as Conjettures and Queries (which 
YOUR Method does not altogether difallow yet ifeven in thofe 
I have exceeded, ’tis fit that I fhould declare, that it was not 
done by YOUR Diregtions. For it is moft unreafonable, that 
YOU fhould undergo the imputation of the faultsof my Con- 
ji ures, {eeing YOU can receive fo we advantage of reputa- 
tion bythe flight Obfervations of 


YOUR moft bumble and 
moft faithful Servant 


ROBERT HOOKE, 


PDESSENSS 7 js the great prerogative of Mankind above other 
Creatures, that we are not only able to behold the 
works of Nature, or barely to fuftein our Lives by 
them, but we have aljo the power of confidering, 
- comparing, altering, aflifting, and improving 
them to various ues. And as this is the peculiar priviledge of humane 
Naw i in general, fo is it capable of being fo far advanced by the helps 
of Art, and Experience, as to make fome Men excel others in their 
Obfervations, and Deduttions,almoft as much as they do Beafis. By the 
addition of fuch artificial Inftruments andmethods,there may be,in 
fome manner, a reparation made for the mifchiefs,~and imperfection, 
mankind bas drawn upon it felf,, by negligence,and intemperance, and a 
wilful and fuperfitious deferting the Prefcripts and Rules of Nature, 
whereby everyman, both froma deriv d. corruption, innate and born 
with bim, and from his breeding and converfe with men,is very fubjett 
to flip into all forts of errors. 

The only way which now remains for ws to recover fome degree of 
thofe former perfettions, feems to be,by retiifying the operations of the 
Senfe,the Memory,and Reafon, fince upon the evidence,the ftrength, 
the piiteprity, M the right correfpondence of all thefe,all the light, 
by which our attions are to be guided, is to be renewed, and all our com- 
mand over things is to be efablifbt. 

Tt is therefore moft worthy of our confideration, to recolleA their fe- 
everal defects, that fo we may the better underfland how to fupply them, 
and by what affiftances we may inlarge their power,and fecure them in 
performing their particular duties. 

As for the aftions of our Senes, we cannot dui Perce them to be in 
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The Prerack. 

many particulars much outdone by thofe of other Creatures, and when 
at befi,tobe far Jbort of the perfection they [tern capable of And thefe 
infirmities of the Senfes arife from a double cauje, either from the dif- 
proportion of the Objett to the Organ, whereby an infinite number of 
things can never enter into them,or elfe from error in the Perception, 
that many things, which come within their reach, are not received ina 
right manner. | 

The like frailties are to be found in the Memory ; we often let many 
shings flip away from us, which deferve to be retuin'd ; and of thofe 


which we treafureup, a great part is either frivolousorfalfe ; and if —— 3 


good, and fubftantial, either in tract of time obliterated, or at beft fo 
- overwhelmed and buried under more frothy notions, that when there is 
need of ther, they are in vain fought for. 

The two main foundations being fo deceivable, it is no wonder, that 
all the facceeding works which we build upon them,of arguing, conclu- 
ding defining judging, and all the other degrees of Reafon, are lyableto — 
the fame imperfection, being, at beft, eitber vain, or uncertain: Sothat . 
the or are anfwerable tothe two other, being 
defeGtive both in the quantity and goodnejs of itsknowledge 5. for the li- 
mits, to which our thoughts are confi nd, are fall in refpect of the vaft 
extent of Nature it folf s fome parts of it are too large to be compreben- 
ded, and forne too little to beperceived. And from thence it muft fol- 
low,that not having a full fenfation of the Objet, we muft be very lame 
anid imperfeEt in our conceptions about it , and in all the propofitions 
which we build uponit y ence we often take the fhadow of things for 
the fübftance, fail appearances for good fimilitudes, fimilicudes 
for definitions; and even many of thofe, which we think, to be the moft 
folid definitions, are rather exprefftons.of our own mifpuided apprebea- 
frons then of tbe true nature of the things themfelves. eet 
; The effelis of thefe iraperfeCtions are manifefted in different ways,ac- 
cording to the temper and dilpofition of the fever al minds of men, fome 
abey incline to grof ignorance and flupidity, and others toa pre- 
fumptuous impofing on other mens Opinions, and a confident dog- 
matizing onmatters; whereof there is no affurance to be given. E. 
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7 bua all the uncer tainty, and mifiakes of humane actions, proceed 
either from the narrowne/s and wandring of our Sentes, from the flippes 
rines or delufion of our Memory, fron the confinement or rafbnef? of 
our Underftanding, [o that "tis no wonder, that our power over natu- 
ral caufes and efecis is fo flowly improv d, feeing we are not only 16 
contend with the obfcurity and ditliculty of the things whereon we work 
and think ,but even the forces of our own minds confpire to betray uss 

Thefe being the dangers in the proce? of humane Realon, the remedies 
of them all can only proceed from the veal, the mechanical, the ex- 
perimental Philofophy,which bas thisadvantage over tbe bilofopby of 
difcourfe and difputation,that whereas that chiefly aims at the fubtilty 

“of its Deduéiions and Conclufions , without much regard to the irf 
groundwork, which ought to be well laid on the Senfe and Memory ; 
fo this intends the right ordering of then all,anid the making them fer- 
| wiveable to each other. ! 

The firft thing to beundertaken in this weighty work, is a watch- 
fulnefs over the failings and an inlargement.of the dominion, of 
the Senfes. | 

Zo which end it is requifite, firft; That there fbould be a fcripue 
lous choicejand a ftri& examination, of the reality, conflancy, and 
certainty of the Particulars that we admit:Thia is the firft vifo where= 
on truth is to begin, and bere the moft fevere, and moft impartial dili- 

. gence, muft be imployed s. the floring up of all, without any regard to 
evidence or vfé, will only tend to darknefs and confufion, We muft 
not therefore efteem the riches of our Philofophical treafure by the num~ 
ber only, but chiefly by tbe weight;the mofi vulgar Inflances are not to 
be neplecied,but above all, the moft inftru&iwe are to be entertain d ; 
the foorfteps of Nature are to be trac’d,not only in ber ordinary courte, 
but when fhe feems tobe put to her fBfis.to make many doublirigs and 
turnings, and to ufe fome kind of artin indeavouring to avoid our 
difcovery. 3 

The next careto be taken, in refpedtof the Senfes, is a fupplying of 
their infirmities with Inftruments, and, as it were, the adding of arti 
ficial Organs to the natural ; this in one of them bas been of late years 
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accomplilbt with prodigious benefit to all forts of ufeful knowleage , by 
the invention of Optical Glaffes. By the means of Telefcopes, there is 
nothing [o far diftant but may be reprefented to our view ; and by the 
belp of Microfcopes, there i5 nothing [o fmall, as to efcape our inqui- 
ry ; bence there is a new vifible World difcovered to tbe underftanding. 
By this means the Heavens are oper! d, and a vaft number of new Stars, 
and new Motions, and new Produttions appeat in them, to which all the 
antient Aftronomerswere utterly Strangers. By this the Earth it felf, 
which lyes fo meer ws, under our feet, fbews quite a new thing to us, and 
in every little particle of its matter, we now bebold almoft as great a 
variety of Creatures, as we were able before to reckon up in the whole 
Univerfe it felf. 

Tt feems not improbable, but that by thele helps the fubtilty of the 
compofition of Bodies, the ftrutiure of their parts, the various texture 
of their matter, the inflruments and manner of their inward motions, 
and all the other poffible appearances of things, may come to be more 
fully difcovered , all which the antiemt Peripateticks were content to 
comprehend in two,general and ( unles further explain'd )  ufelfs 
words of Matter and F orm.From whence there may arife many admni- 
rable advantages,towards the increafe of tbe Operative, and the Me- 
chanick Knowledge, to which this Age feems fo much inclined, becaufe — 
we may perhaps be inabled to difcern all the fecret workings of Nature, 
almofi inthe fame manner as we do thofe that are the productions of 
Art, and are manag’ d by Wheels, and Engines, and Springs, that were 
devifed by humane Wit. 

Inthis kind I bere prefent to the World my.imperfett Indeavours ; 
which though they hall prove no otber way confiderable,yet, I hope, they 
may be in fome meafure ufeful to the main Defign of a reformation 
in Philofophy, if it be only by fbeming, that there is not fo much requir'd 
towards it,any firength of \magination,or exatinefs of Method,or depth 
of Contemplation(though the addition of thefe,where they can be bad, 
muft needs produce a much more perfect compofure))as a fincere Hand, 
and a faithful Eye, to examine, and to record, the things themfelves 
as they appear. 

And 


The: Prepdace. 
And I beg my Reader, to let me take the boldnef? to affure bini, 
that in this prefent condition of knowledge, a man fo qualified j as I 
have indeavoured to be, only with refolution, ‘and integrity, and plain. 
intentions of imploying bis Senfes aright may venture to compare the re- 
ality and the ufefulne/> of bis fervices; towards the true Philofapby; with 
thofe of other men, that are of much ftrongersand more acute fpevula- 
tións;tbat fall not make ufe of the fame method by the Senfes. 
7 he trutb is, the Science of Nature has been already too long.made 
only a work of the Brain and tbe Fancy : It is mom high time that it 
foould return to the plainnef? and foundne?3 of Obfervation’ on ma- 
terial 427 obvious things. It is faid of great Empires, That the beft 
way to preferve them from decay; isto bring them back to the 
firft Principles, and. Arts, on which they did begin. Zhe fame . 
is undoubtedly true in Philofophy, that by wandring far away into invi- 
fible Notions,has almoft quite deftroy d it felf,and it can never be re- 
covered, or continued, but by returning into the X fenfible paths, 
in which it did at firft proceed. | 
If therefore tbe Reader expects from me any infallible DedhiStions, 
_ or certainty of Axioms, ‘I am to\fay for my felf, that ibofe fronger 
Works of Wit and Imagination are above my weak; Abilities ;. or if 
they had not been fo, I would not. have made ufe.of them in'this pre 
fant: Subject. before mes Whereever be finds that I have ventur at 
any fmall ConjeCiures, at the caufes of the thinys that I have obferaed, 
Tbefeech bim to look, upon them only as doubtful Problems,and uncer- 
tain ghefles, and not as unquefitonable Concluftons,: or matters of un- 
confutable Science; Ihave produced nothing bere, with intent tobind 
bia undetftanding to an implicit confent ; I am fo far from that, that 
I defire bim, not abjolutely: to rely upon. thefe Obferwatioris of my. eyes, 
if be findsthem contradicted by the: future Ocular Experiments of fo- 
ber and impartial Difcoverers. 

As for my part, Lbave obtained my end, if bof my [mall np 
fball be thought fit to take up - ome place in the large [lochzof natural — 
Obfervations, which fo: many bands are bufie ini providing: If Ihave 
contributed the meaneft foundations: whereon. others may raife nobler 
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«The PREFACE. 
Superftru&ures, J ain abundantly (atisfied ; and all my ambition is, 
shat Lmay ferve tothe great Philofopbers of this Age. 45 the makers 
and the grinders of my Glaffes didio me ; that Lay prepare and fur- 
nifb thent with ome Ma terials, which they may afterwards order and 
manage with better skill, and to far greater advantages. s 
The next remedies in-tbia univerfal cure of the Mind are ta be ap= 
phyed to the Memory; and they are to confift of fuch DireGiions as may 
inform ws, what things are beft ta, be ftor'd up for our purpofes and 
which: isthe bet way of fo dilpofing them, that they’ may not.only be 
kept in fafety, but ready and corrvenitnt,to be at any time produc d for 
ufe, as occafion [hall require. . But I will not here prevent my felf in 
what I may fay in another Difcourfe , wherein 1 foall. make an at- 
tempt to propofe fome Confiderations of the manner of compiling a Na- 
tural and. Artificial Hiftory, and of fo. ranging and regifiring. its 
Particulars into Philofophical Tables, | 4s ma) make them moft ufeful 
for the raifing of Axioms and Theories. as 
The laft indeed is the moft hazardous Emterprize; anid yet the mof 

neceflary ; and that i, to take fuch care that the Judgment. and the 
Reafon of Man ( which i the third Faculty to be repair d and. im- 
proud ) fhould recetve fuch- affifiance, as to avoid tbe dangers to : 
which it is by nature moft fubjeli. . The Imperfections, which Lhave al- 
ready mention d, to which it is lyable, do either belong to the extent, 
or the goodnefs of its knowledge; and bere the difficulty is the grea- 
ser; leaft that which may be thought a remedy. for the .one Joould 
prove deftru&ive tothe other, leaft by feeking to inlarge our :finow- 
ledge, we: fhould render it weak. and uncertain; and leaft\by being 
200 fcrupulous and exati about. every Circumftance of it, "e. feould 
confine and fireighten it too much. - | = fa^ " 

dn both thefe tbe middle wayes: are to be taken, nothing: istobe 
omitted, and yet every thing to paf? a mature deliberation «... No 
Intelligence from Men of all Profeffions,, and quarters of the World, 
iobellighted, andyet all tobe o feverely examin'd;that there retaie 
mo room ‘for doubt or inflability 5- much vigoür in admitting; sud 
ftri&nefs-in comparing and above all; smucbflownefs in deliaing; and. 
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fhynefs in determining, ja to: be prattifed. The Underltanding is to 
order all the inferiour fervices of the lower: Faculties ; but yet it isto 
di thisonly as a lawful Matter, and not 2s a Tyrant. It muft not in- 
eroach upon. their Offices, nor take upon it’ felf the employuezts EU 
belong to either of them. It muft-watch. the irregularities of the Sens 
fas, but it muft not go before them; or prevent their information. \ It 
muft examine, range, und. difpofe of the bank: which is laid up in the 
Memory + but it muftbe fure to make dittin&ion between the {ober and 
well collected heap. and the extravagance Idea's, and: miftaken 
Images", ‘which there it may: fometimes light upon. -So-many are\ the 
linksivpon which the true Philfophy depends, of which, if any one be loofe; 
or weak, the wbole chains in danger of being diffolu'd.s it is to be» 
gin'with the Hands and Eyes, and to proceed. on through: the Memory; 
to be continued by tbe-Reafon 5 mr is it to.fiop there, butto come about 
to the Hands and Eyes again; and. fo, bya continual paffage round 
from one Faculty to another , itisto be maintained in life and ftrength; 
as much asthe body of man i5 by ‘the circulationsof tbe blood through the 
Jeveral parts of the bodys the Arms, the Fat, the Lungs, the Heart, and the 
Habis? ~ s ral 
FF once this method were followed with diligence and attention, there is 
nothing that yes within the power of human Wit Cor which is far more 
effettual ) of hitman Indufiry , which we might not compafS ; we might 
née only hope for Inventions to equalize thofe of Copernicus, Galileo, 
Gilbert Hatvy, anid of others; mbofe Names: are almoft loft, that were the 
Ioentors of Gun=powder, the Seamans Compafs, Printing, Etching, 
Graving, Microfcopes, &c; but multitudes that may far exceed them : 
far een thofedifcoveries feem to have been tbe | produtis of (ome fuchme- 
thed: though but iniperfeti s, What may not be therefore expected from it if 
thoroughly profecuted ?- Talking and contention of Arguments would 
foon'be turri dino labours ; all the fine dreams of Opinions, and uni- 
verfalmetaphyfical natures, which the Luxury of fubtil Brains bas de- 
visd, would quickly vanifb, and giveplace to folid Hittories, Experi- 
ments" and Works; ^ And as at firfl, mankind fell dy calting of the 
forbidden Tree of Hnomledge.fo we their Poflerity, may be inpart dn 
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bythe fame way, not only by beholding and contemplating, but by ta- 
fting too thofe fruits of Natural knowledge, that were never yet forbidden. 
From hence the World may be affifted with variety of Inventions, new 
matter for Sciences may be collected, the old improv'’d, and their cuit 
rubbed away 3 and as it ja by the benefit of Senfes that we recie all out 
Skill in the works of Nature,fo they alfo may be wonderfully benefited by 
it; and may be guided to-an eater and more exact performance of their 
Offices ; tis not unlikely, but that we may find out wherein our Senfes are 
deficients.and as eafily find wayes of repairing them. Hose ipe 
«The. Indeavours of Skilfiel men bave been moft-converfant about the 
affiflance of the-Eye, and many noble Productions have followed upon it ; 
and from hence swe may conclude, that there is a wa) open d for advancing 
the operations, not only of all tbe otber Senfes but even of tbe Eye it felf;that 
which bas been already done ought not to.content us,but rather to incourage 
us to proceed further, and'to attempt greater things in the fane and diffe- 
rent wayes. 
Tis not unlikely, but that there may be. yet invented feveral other 
helps for the eye,as much exceeding thofe already found astbofe do the bare 
eye,fuch as by mbicb we may perbaps be able to difcover living Creatures in 
the Moon, or other Planets, the figures of tbe compounding Particles of 
matter, and the particular Schematifms and Textures of Bodies... 
And as Glaffes have bighly promoted our {eeing, fo "tis. not improba- 
ble,but that there may be found many Mechanical Inventions to improve 
cur other Senfes, of hearing, {melling,. tafting, touching. "Tis not 
impofible to bear a whifper a furlongs diftance,, it having been. already 
done ; and perbaps the nature of the thing would mot make it more im- 
poffible, though that furlong [bould be ten times multiply d. And though 
Jome famous Authors have affirm d it impoffible to hear through the thin. . 
neft plate of Mufcovy-glafs; yet [know way,by which tis edfie enough 
to bear one [peak through a walla yard. thick... Zt bas not been yet 
thoroughly exainin d;bow far Otocoufticons may be improv' d. nor what 
other wayes there may be of quickning our hearing, or conveying found 
through other bodies then the Air: for that that i5 not the only medium, 
I can affure the Reader, that I bave,by the help of a diftended wire,propa- 


gated 
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gated the found to a very confiderable diftance in an inftant, or with as 
feemingh quick, a motion ws that of light, at leaf, incomparably fwifter 
then that, which at the fame time was propagated through the Air ; and 
this not only in a firaight line , or direti, but in one bended in many 
angles, 

Nor are the other three fo perfect, but that diligence, atterition, arid 
many mechanical contrivances, may alfo Bigbly improve them. For 
fince the fenfe of {melling feems tobe made by the fuif paflage of the 
Air ( impregnated ‘with the fleams and effluvia\of feveral odorous 
: Bodies ) through the grill meanders: of the Nofe whofe furfaces. are ' 
coverd mwütb a very fenfible nerve’, and moiftned by a tranfuda- 
, ton from the proceffus mamillares of the Brain, and [ome ad- 
| joyning glandules, and by the moift fteam of the Lungs, witha Liquor 
convenient for tbe reception of thofe effuvia and by the adbelion and 
mixing of thofe fleams with that liquor and thereby affecting the nerve, or 
perbaps by infinnating themfelues. into tbe juices of the brain, after the 
fame manner, as I have in the following Obfervations intimated, the parts 
of Salt topafs through the skins of Effs, and Frogs. Since, Hay, (melling 
feems to.be madeby fone fuch way, "tis not improbable, but that fome con- 
trivance, for making a great quantity of Air paf» quick, through the Nofe, 
might as much promote the fenfe of fimelling, as the any wayes hindring that 
paffage does dull and deftroyit. Several tryals I have made , both of 
bindring and promoting this fenfe,and have fucceaded in ome according ta 
expectation ; and indeed to.me it feems capable of being improw d , for the 
judging of the conftitutions of many Bodies. Perhaps we may thereby 
alfo judge (as otber Creatures [eem 10 do) what is wholfome,what poyfon à 
and in a word, wbat are.the fpecifick, properties of Bodies. 

There may be alfo forme other mechanical wayes found out 5 of fenfibly 
percerving the effluvia of Bodies ;, feveral Inflances of which, were it bere 
proper, I could eive of Mineral fleams and exbalations ; and it feems not 
Ampojible, but that by ome fuch wayes improved, may be difcooered, what 
Minerals lye buried under the Earth, without the trouble to dig for them ; 
fame things to confirut this ConjeCtute may be found in Agricola, and other — 
Writersof Minerals; {peaking of the Vegetables that are apt to thrive, or 
pine, in thofe fleams. € Whether 
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Whether alfo thofe fleams, which feem to Wfue out of the Earth, and 
mix with the Air (and fo to precipitate forme aqueous Exhalations,where- 
with *tisimpregnated ) may not be by fome way detested before they produce 


the effet, feems hard to determine , yet fometbing of this kind Lam able to 


LI 


+ E contriv’d to [bew all the minute variations in 


difcover,by an Infirumen | 
shepreffure of the Air ; by wbich 1 conftantly findibat before, and during 


the time of rainy weather, thepreffure of the Air is lef, and in dry wea- 
ther , but efpecially when an Eaftern Wind. ( which having paft over 
vaft tracis of Land is beavy with Earthy Particles). blows, it % much 


more, though thefe changes are varied according to very odd Laws. 

_ "Ehelnítrument isthis.. I prepare 2 pretty capaccotis Polt-head AB, with 
a fmall ftem about two foot and a half long D C 5 upon the end of this D 
T put ona {mall bended Glafs,or brazen 5p” DEF (openat D, E and F, 
but to be clofed with cement at F and E, as occafion ferves) whofe ftemF — 
fhould be about fix or eight inches long, but the bore of it not above half an 
inch diameter,and very even 5 thefe I fix very ftrongly together by the help 
of very hard Cement , and then fit the whole Glafs ABCDEE into a long 


Board,or Frame,in fuch manner, that almoft half the head AB may lye buri- 
. then I place it foon 


ed in a concave Hemifphere cut in ard. 
the Board RS, asis expreft in the i s and fix 
m and fteady in that pofture, 


wards to be put into it,may not in the leaít 


X Y on the Frame R T, fo that it may 
or that it may país, as twere, throug 
at, and divide all the reft of the Board tow 
es between the 25 and the end E(which need not be 
d thirty inches diftant from the line X Y) I fubdivide 
he end F with foft Cement,or foft Wax, I in- 
wnwards, and the Orifice E upwards 5 
whole Glafs with Quickfilyer 5 then 
finger, Loftentimes erect and invert 
e the Quickfilver and Glafs from 
then inverting it as before, I fill it 
and having made ready a 


fmall ball of pretty hard © y foft, I prefs it into the 
by ftop it very his Cement from flying 
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and by a {mall syphen I draw out the Afercury fo long,till I find the furface of 
it AB in the head totouch exaGly theline X Y; at which time I immedi- 
ately take away the Syphon, and if by chance it be run fomewhat below 
the line XY, by pouring in gently a little Aéercury at F, Iraife it again to 
its defired height , by this contrivance I make all the ‘fenfible rifing and fal- 
ling of the ZZercury tobe vifible inthe furface of the Mercury in the Pipe F, 
and fcarceany in the head A B. . But becaufe thete really is fome {mall 
change of the upper furfacealfo, Ifind by feveral Obfervationshow much 
it rifes in the Ball, and fallsin the Pipe F, to make the diftance between the 
3wo furfaces an inch greater then it was before 5 and the meafure that it 
falls inthe Pipe is the length of the inch by which I am to mark the parts of 
the Tube F, orthe Board on which it lyes, intoinches and Decimals: Ha- 
ving thus ‘uftned and divided it, I have a large Wheel M.N O P, whole 
: outmoft limb is divided into two hundred equal parts; this by certain {mall 
Pillars is fxt on the Frame RT, inthe manner expreft in the Figure. In 
the middle.of this, on the back fide, in a convenient frame, is placed a {mall 
Cylinder, whofe cireumference is equal to twice the length of one of thofe 
divifions, which I find anfwer to an inch of aícent, or defcent, of Adercury : 
"This Cylinder I,is movable on a very {mall Needle, onthe end of which is 
fixt a very light Index K L, all which are fo pois'd onthe Axis, or Needle, 
that no pact is heavier then another : Then about this Cylinder is wound a 
ímall.Clew of Silk, with two fmall fteel Bullets at each end of it: G H5 one 
of thefe, which isfomewhat the heavier, ought to be fo big, as freely to 
move to and fro inthe PipeF ; by meansof which contrivance , every the 
lea(t variation of the height of the Azercury will bemade exceeding vifible 
by the motion to and fro of the fmall Index K L. 


But this ia but one way of difcovering the effluvia of the Earth mixt 
with the Air ; there may be perhaps many others,witne/s the Hygrofcope, 
an Inftrument whereby the watery fleams volatile in the Air are difcerned, 
which the Nofe it felf is riot able 10. find. This I have defcrib'd in the 
following Tra& in the De{cription of the Beard of a wild Oat. Others there 
“aregnay be difcovered both bythe Nol, and by other wayes alfo. Thus 

the fmoak of burning Wood is melt, feen, and: fufficiently felt by the 

ejes : The fumes of burning Brimftone are {melt and difcovered alfo 

by the dfiroying the Colours of Bodies , aby the whitening of a red 

Rofe : And who.knows, but that the Indufiry of man, following thisme- — 
thod,ynay find out wayes of iniproving this fene to as great. a degree of per- : 
fetlion as it isin any Animal, arid perbaps yet higher. 

"Tia aot improbable alfo ut that our tafte may be verymucb improv d, 
either by preparing our taft ‘for the Body, as, after eating bitter things, 
Wine,or other Vinous liquors, are more fenfibly tafled ; or elfe by pre- 

paring 


( 
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paring Bodies for ourtaft; as the diffolving of Metals with acid Liquors, 
make them taftable, which were before altogether infipid ; thus Lead be- 
comes {weeter then Sugar, and Silver more bitter then Gall, Copper 
and Iron of moft loathfome tafis. — And indeed the bufrnef$ of this fenfe 
being to difcover the prefence of diffolved Bodies in Liquors put. on the 
Tongue,or in general to difcover that a fluid body has [omne folid body diffolu'd 
in it, and what they are; whatever contrivance makes this difcovery 
improves this fenfe. In this-kind the mixtures of Chymical Liquors af- 
- ford many Inflances, 5 the [meet Vinegar that is impregnated with 
Lead may be difcovered tobe fo by the affufion of a little of an Alcalizate 
folution : Zhe bitter liquor of Aqua fortis and Silver may be difcover'd 
to be charg’d with that Metal, by laying in it fome plates of Copper : 
"Tis not improbable alfo,but there may be multitudes of other wayes of difco- 
vering theparts diffolo d, or diffoluble in liquors ; and what i5 this difco- 
very but a kindof {ecundary tafting. . 

"Tia not improbable alfo,but that the [enfe of feeling may be highly im- 
prov, for that being a enfe that judges of the more grots and robuft 
motions of the Particles of Bodies, feems capable of being improv'd and 
a[fifled very,many wayes. T bus for the diftingui[bing of Heat and Cold,the 
Weather-glafs and Thermometer, which Ihave defcrib din this follow- 
ing Treatife, do exceedingly perfec it; by each of which the leaft varia 
tions of heat or cold, which the moft Acute fenfe is not able to diftinguifh,are 
inanifefted This ia oftentimes further promoted alfo by tbe help of Burne 
ing-glafles,and the like, which colle£t and unite the radiating heat. Thus 
the roughnefs and fimoothnefs of a Body is made much more fenfible by 
the help of a Microfcope, then by the moft tender and delicate Hand. 
Perhaps, a Phyfitian might, by feveral other tangible proprieties, difcover 
the conflitution of a Body as'well as by the: Pulfe.y° I do but inflancein 
thefe,to foew what poffibility there may be of many others, and what proba- 
bility and bopesthere were of finding them,if this method were followed’. 
for the Offices of the five Senfes being to detect either tbe fubtil and curi- 
ous Motions propagated through all pellucid or perfetily homogeneous 
Bodies; Orbe moregrofs and vibrative Pulle communicated through 
the-Air and allother convenient mediunas,whether fluid or folid > Or the 


efiluvia 
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effluvia of Bodies diflolv'd in the Air ; Or the particles of bodies dif- 
folv'd or diffoluble i» Liquors, or the more quick and violent fha- 
king motion of heat in all or any of thefe: mbatfoever does any wayes pra- 
mote any of tbefe kinds of criteria, does afford a way of unproving [ome 
one fenfe. And what a multitude of thefewould a diligent Man meet 
with in bis inquiries? Andthis for the helping and promoting tbe fenti- 
tive faculty only. | 

Next,as for the Memory, or retentive faculty, we may be fufficiently 
infirutled from tbe. written Hiftories of civil a€tions, what great affi- 
ance may be afforded the Memory, in the committing to writing things ob- 
fervable in natural operations. /f a Phyfitian be therefore accounted the 
more able in bis Faculty, becaufe be bas bad long experience and practice, 
the remembrance of which, though perhaps very imperfeét, does regulate all 
bis after aftions : What ought to be thought of that man, that has not only 
a perfect vegifter of bis own experience,but is grown old with the experience 
of many bundreds of years, and many thoufands of men. 

And though of late , men, beginning to befenpble of this convenience, 
have here and there regiftred and printed fome few Centuries, yet for the 
moft part they are fet down very lamely and imperfecily, and, I ear, many 
times not fo truly, they feeming, feveral of them, to be defign'd more for 
Oftentation then publique ule: For,not toinftance,that they do,for the 
moft part,omit thofe Experiences they have made , wherein their Patients 
have mifcagried,it is very eafie to be perceiv d,that they do all along hyper- 
bolically extol their own Prefcriptions, and vilifie thofe of others.» Not- 
withftanding all which, thefe kinds of Hiflories are generally efteem'd ufes 
ful, even to the ableft Phyfntian. 

What may not be expetied from the rational or dedu&ive Faculty 
that is furnifbt with fuch Materials, and thofe fo readily adapted, and 
rang d for ufe,that in a moment, as "twere, thoufands of Inflances, ferving 
for the illuftration,determination, or invention, of almoft any inquiry, 
‘may bereprefented even tothe fight 2 How neer the nature of Axioms 
muft all thofe. Propofitions be which are examin'd before fomany Wit- 
nefles 2 And how difficult will it befor any, though never fo fubtil an er- 
ror in Philofophy, to {cape from being difeover'd, after it basindurd the 
touch, and fo many other tryals? d What 
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What kind of mechanical way, and phyfical invention alfo ia there re- 
quir d, that might not this wa) be found out ? The Invention of away to 
find the Longitude of places is eafily perform d, and that to as great per- 
fection a is defird , orto 45 great an accuratenels as tbe Latitude of 
places can be found at Sea; and perbaps yet alfo to a greater certainty 
shen that bas been hitherto found, as I fball very fpeedily freely manifeft to 
she world | Tbe way of flying in the Air feems principally unpracticable, 
by reafon of the want of ftrength. iz humane muícles ; if therefore 
that could be [uppli dit mere, l think, eafie to make twenty contrivances to 
perform. tbe office of Wings : What Attempts alfo I have made for the 
fupplying that Defect, and my fucceffes therein, which, 1 tbink., are wholly 
nem and not inconfiderable, I fhallin another place relate. 

Tis not unlikely alfo, but that Chymitts, if they followed thia method, 
might find out their fo much fought for Alkahett. What an univerfal 
Menftruum , which diffolves all forts of Sulphureous Bodies, [have 
difeover'd ( which has not been before taken notice of as fuch ) Ihave 
hewn in tbe fixteentb Obferoation. —. 

What a prodigiows variety of Inventions in Anatomy has this latter 
Age afforded, even in our own Bodies,in the very Heart, by which we live, 
anitheBrain,which is the feat of our knowledge of other things * witnefs 
alltbe excellent Works of Pecquet, Bartholinus, Billius, and many 
others and at bome, of Dottor Harvy,Doctor Ent,DoStor Willis, Dogior 
Gliffon.  J2Celeftial Obfervations we have far exceeded all the An- 
tients,even the Chaldeans and Egyptians tbemfelues, whofe vatt Plains, 
high Towers,and clear Air, did not give them [o great advantages over 
us, as we have over them by our Glafles. By the help of which, they have 
been very much outdone by the famous Galileo, Hevelius, : Zulichem ; 
and our own Countrymen, Mr. Rook, Doctor Wren, and the great Orna- 
ment of our Church and Nation,the Lord Bifhop of Exeter. And to fay 
no more in Aerial Difcoveries, there has been a wonderful progre/s made 
by the Noble Engine of the moft llluftrious Mr. Boyle,whom it becomes 
me to mention with all bonour , not only as my particular Patron,but as the 
Patron of Philofophy it felf; which he every day increafes by bis La- 
bours, and adorns by his Example. a 


The 
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The good fuccef? of all thefe great Men,and many others, andthe nov) 
feemingly great obvioufnels of moft of their and divers other Inventions, 
which from tbe beginning of tbe world have been, as "were, trodon, and 
yet not minded till thefe laft inquifitive Ayes (an Argument that there 
may be yet behind multitudes of the like’) puts me in mind torecommend 

_fuch Studies,and tbe profecution of them by fuch methods, to the Gentlemen 
of our Nation,whofe leifure makes them fit to undertake, and the plenty 
of their fortunes toaccomplith, extraordinary thingsin this way. And I 
do not only propofe this kind of Experimental Philofophy as a matter of 
high rapture and delight of tbe mind, but even as a material and (enfi- 

ble Pleafure. So vaft is the variety of Objets which will come under 
their Infpections, fo many different wayes there are of handling them, fo 
great is the fatisfaCtion of finding out new things, that I dare compare 
the contentment which they will injoy,not only to that of contemplation, 
but evento that which moft men prefer of the very Senfes themfelves, 

And if they will pleafe to take any incouragement from fo mean 
and o imperfect endeavours as mine, upon my own experience, I can 
alfure them,without arrogance, That there has not been any inquiry or Pro- 
blem in Mechanicks, that I have hithertopropounded to my felt, but by a 
certain method ( which I may on fome other opportunity explain ) I have 
been able prefently to examine the poffibility of it ; and if fo, as eafily to ex. 
cogitate divers wayes of performing it: And indeed it is pofftble todo as 
much by this method in Mechanicks, aby Algebra canbe perform'din 
Geometry. Nor can I at all doubt, but that the fame method is as ap- 
plicableto Phyfical Enquiries , and as likely to find and reap thence as 
plentiful a crop of Inventions ; and indeed there fcems to be no fubjett fo 
barren,but may with this good husbandry be highly improv 4. 

Toward the profecution of this method in Phyfical Inquiries, I have 
bere and there gleaned up an handful of Obfervations, in the collection of 
moft of which Imade ufe of Microfcopes, and fome other Glafles and In- 
ftruments that improve the fenfe ; which way I have herein taken , not 
that there are not multitudes of ufeful and pleafant Obferuabes, yet uncol- 
leéted,obviows enough without the helps of Art , but only to promote the ufe 
of Mechanical helps for the Senfes,both in the furveying the already "E : 

World, «. 
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World, and for the difcovery of many others hitherto unknown, and to make 


us,with the great Conqueror jo be affetted that we have not yet overcome one 
World when there are fo many others to be difcovered, every confider able 
improvement of Telefcopes or Microfcopes producing new Worlds and 


Terra-Incognita’s to our view. 

~The Glaffes T'ufed were of our Enplifb make,but though very good of the 
kind, yet far (hort of what might be expetted, could we once find a way of 
making Glaffes Elliptical, or of fome more true fbape ; for though both 
Microfcopes, and Telelcopes, asthey now are, will magnifie an Objet 
about a thoufand thoufand times bigger then it. appears to the naked eye ; 
yet the Apertures of the Objeti-glalfes are fo very fall,that very few Rays 
are admitted, and even of tbofe fem there are o many falfe, that the Objet 
appears dark and indiftind : And indeed ibefe inconveniences are fuch,as 
feem infeparable from Spherical Glaffes, even when moft exattly made;but 
the way we have hitherto made ufe of for that purpofe is fo imperfect,thatethere 
may be perhaps ten wrought before one be made tolerably good, and moft of 
thofe-ten perhaps every one differing in goodne$ one from another, whichis 
an Argument,tharabe way hitherto fed is,at leaftvery uncertain. So that 
thefe Glaffes have a double defect the onesthat very few of them are exacily 
true wrought ; the other, that even of thofe that are beft among them, none 
vill admit a fufficient number of Rayes to magnifie the Objett beyond a 
determinate Digne. Againft which Inconveniences the only Remedies I 
have hitherto met with are thee. 


Firft, for Microfcepes ( where the Object we view isnear and within our 
power)the beft way of making it appear bright in the Glafs,isto cafta great 
quantity of light on it by means of convex glaffes.for thereby,though the apér- 
ture be very {mall,yet there will throng in through itfuch multitudes,that an 
Object will by this meansindure to be magnifi'd.as much again as it would 
be without it: The way for doing whichis this. Imake choice of fome 
Room that has enis one window open to the South , and at about three or 
four foot diftance from this Window,on a Table, I place my ZZicrofcope, and 
then fo place either a round Globe of Water, or a very deep clear plano con- 
vex Glas ( whofe convex fide is turn’'d towards the Window ) that there 
isa Breag quantity of Rayescolle&ed and thrown upon the Object; Or.if 
the Sun fhine, I place a fmall piece of oyly Paper very near the Objet, be- 
tween that and the light 5 then witha good large Burning-Clafs I fo colle& 
and throw the Rayes on the Papersthat there may bea very great quantíty 
of light pafs through it to the Object ; yetI fo proportion that light, that it 


may 
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may not finge or burmthe Paper.  Inftead of which Paper thete may be 
made ufe of a fmall piece of Looking-glafs plate > One of whofe fides is made 
rough Pn rubb'd on aflat Tool wit very fine fand, this will} if the 
heat be leifurely caft on it, indure a much greater degree of heat;and cons: 


fequently very mich augment a conyenient light. . By al] which means the 
light of the Sun, or of a Window, may be fo caft ob 1 


| : an Obje&t, ato makeit 
twice as light as it would otherwife be without It; and that without anyiins 
convenience of glaring, which the immediate light of the 


Sun às very, apt to: 
create in moft Objects; for by this means the light isfo equally dilfoicd, 
that all partsare alike inlightned 5 but when the itimedtace Khe of theSun' 
fallsonit, the reflexionsfrom fome few parts are fo vivid, that they drown. 
the.appearance of all the other, and are themfelvés alfo, by zeafon of the in- 

equality of light, indiftin&, and appear only radiant fpots. —  . . 

But becaute the light of the Sun, and'alfo that of a Window, isin Conti: 
nual variation, and ío many Objects cannot be view'd long enough by then, 
to bethroughly examip'd ; befides-that, oftentimesthe Weather is fo dark 
and cloudy, that for many dayes together nothing canbe yiew'd: And be- 
caufe alfo there are many Objects to be met with in the night, whieh cannot 
fo conveniently be kept perhaps till the day, therefore ¢o procure and cafta 
fufficient quantity of light on an Obje& in the night, 1 thought of, ‘and often 
wed this, Expedient. 

Iprocur d me a fmall Pedeftal, fuch asis defcrib'd inthe fifth: Figure of 
the firlt Scheme on the fall Pillar AB, of which were two movable 
Armes C D, which by meansof theScrews EF, Icould Gx if any part of 
the Pillar 5. onthe undetmoft of thefe I plac'd.aipretty large Globe of Glafs 
G, fill'd with exceeding clear Brine, ftopt, inverted, and fit ig the manner 
vifible in the Figure 5 out of the fide of which Arm proceeded another 
Arm H, with many joynts 5 to theend of sebich vas: fafined a:deep plain 
Convex &lafs L, which by means of this Arm could be movedito and fre, and 
fixt inany pofture. Onthe upper Arm was placed a {mall Lamp.K, which 
could be fo mov'd upon the end of the Arm , asto-bé ‘et ina fit pofture to 
give light through the Ball: By means of this Infigument düly plac'd , asis 
ET the Figure, withthe {mall flame of.a Lamp may be cafkas great 
and convenient a light onthe Object as it will well indure;and being always 
conftant, and to be had at any time, I found moft proper for drawing the 
reprefentations of thofe {mall Objects I had occafion to obferve. 

None of all which ways (thoughmuch beyond any other hitherto made 
ufe of by any I know ) do afford a fufficient help, but after a certain 
degree of magnifying,they leave usagain in the lurch. |.  Henceit were ver 
defirable, thatfome way were thought of for making the ObjeG-glafs of 
füch a Figure aswould conveniently beara large Aperture, 


As for Telefcopes, the only improvement they feem capableef, 1 the 
increafing of their length ; for the Objet being remote, there i500 thought 
of giving it a greater light then it has ; and therefore to augment the 
Aperture, the Glafs. muft be ground of a very large fphere ; for, by that 

e 


means. 
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means Abe longer the Glafs be, the bigger aperture pill it bear if the Glaffes 

be of an equal. goodne/s in their kind. | Therefore a fix will indure a 

much larger Aperture then a three foot Glaft s: and a frxty foot Glafs will 
proportionably bear a greater. Aperture then a thirty,and vill as muc &x-. 

cel it alfo-as a. fix foot. does a ibree foot, a5 1 bau experimentally obferu d 
in one of that length made by Mr: Richard Reives here at London, 

which will bear an, Aperture above three inches over , and yet make 
the Objet proportionably big and diftintt ; whereas there dré very 

few thirty foot Glaffes that will indure an Aperture of more then, twoin- 
chesover «à So that for Telefcopes , fuppofing we had a veryready way 

of making their Obje&i Glaffes of exa&ily ffberical Surfaces, we might, by 
increafing the length of the Glaf?, magnifie the Object to any affignable big- 

aeo. “And for performing both thee, Icannot imagine any way more ea- 

fie,and more enatis, then by this following Engine,by means of which, any 

Glaffes,of what length foever.may he fheedily made. feems the moft eafie, 

becaufé with one and the fame Tool may be with care ground an Objeti 

Glafs., of any length or, breadth requifite, and that with very little or no 

trouble in fitting the Engine, and without mucb skill in the Grinder. 
It foems to be the moft exatt , for to the very laft flroke the Glafs does 

regulate and rettifie the Tool toits exatt Figure; andthe longer or more 

the Tool and Glafo are wrought together, the more exact will both of them 

be of the defir'd Figure...» Further, the motions of the Glafs. and Tool do 

fo cro each other , that there is not'one point of eitbers Surface,but bas 
thoufands, of crof3 motions thwarting it, fo that there can be no kind of 
Rings or Gutters made either in the Tool or Glafs. | 


‘The contrivance of the Engine isy only to make the ends o 
Mandrils fo to move ,, that the Centers of them may be at ssec. 
diftance afunder , and that the Axis of the Mandrils lying both in the fame 
plain produced, may meet each other inany affignable Angle 5 both which 
requifites may be — well perform'd by the Engine defcrib'd'in the third 
Figure of the firft Scheme : where A P fignifies the Beam of a Lath fixt per- 
pendicularly or Horizontally, CD thetwo Poppet heads, fixt at about tul 
foot diftance, EF an Iron Mandril,whofe tapering neck F runs in an adapt- 
ed tapering brafs Collars the other end E runs on the point of a Scre "s : 
ina convenient place of this is faftned H a pully Wheel, and into the xd of 
it,that comes through the Poppet head C, is fcrewed a Ring of a hollo 
Cylinder K, or fome other conveniently fhap'd Tool, of what widenefs (ball 
be 
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be thought moft proper for thecizeof Glaffes; about which itis to be ini- 
ploy:d.: As, for Object glaffes, between twelve foot and an hundred foot 
long, the Ring may be about fix inches over, or indeed fomewhat 
more for thofe longer Glaffes. It woüld. be convenient alfo, and not 
very.chargeable, to have fout or five. feveral ‘Fools; as one for alk Glafles 
between an inch and a foot, one for all Glaffes* between a foot and ten foot 
long, another for all between ten and an hündred,;a fourth for all between a 
hundred and a: thoufand foot long 5: and if ‘Curiofity. fhall ever proceed fo 
far,one for all lengths between a thoufand and ten thoufand foot long; for 
indeed the principle is fücb;that fuppofing the 244zdril; well made,and of à 
good length, and füppofing great care be: üufed in working and -polifhing 
them;Ifee no reafon but tliat a Glafs of. a.thoufand,nay of ten thoufand.foot 
long, may beas well made asone of.tens forthe reafonis the fame,fuppofing 
the Atundrils and Tools-be made füfficiently ftrong,: fo that they cannot 
bend.; and fappofing the Glafs, out of which they are wrought, be capable 
of fo great a regularity in.its parts asto refraction: this hollow cylinder K 
isto contain the Sand, and by being drove round very quick to and fro by 
means of a fmall Wheel,which may be moy/d with ones foot, ferves to grind 
the Glafs: The other ZZ«zdril is íhap'd like this, but it hasan even neck in- 
ftead of a taper one,and runs.in a Collar, that by the help of a Screw, and a 
joynt made like M in the Figure, it can be {till adjuftned: to the wearing or 
wafting neck: intothe end of this A¢andril.is {crewed a Chock N, on which 
with Cement or Glew is faftned the piece of GlafsQ_that isto be form'd 5 
the middle of which Glafs is tobe plac d. juft onthe edge of the Ring, and 
the Lath O P isto be fet and fixt ( by means of certain pieces and ferews, 
the manner whereof will be fufficiently evidenc'd by the Figure) in fuch 
an Angle asis requifite to the forming of fuch a. Sphereas the Glafs is de- 
fign'd tobe of; the geometrical ground of which being fufficiently plain, 
though not heeded before, I fhall, for brevities fake, pafs over. This.laft 
Mandrilis tobe made ( by means of the former, or fome other Wheel ) to 
run round very fwift alfo, by which two crols motions the Glafs cannot 
chufe (if care be usd ) but be wrought into a moft, exactly fpherical 
| Surface. 


But becaufe we are certain, from the Laws of refraction ( which I 

I bave experimentally found tobe fo,by an Inftrument 1 foal prefently de- 
fcribe) that the lines of the angles of Incidence are proportio- 
nate tothe lines of the angles of Refraction, therefore if Glaffes could 
be made of thofe kind of Figures, or ome other, fuch asthe moft incompa- 
rable Des Cartes bas invented, and demonftrated in bis Philofophical and 
Mathematical Works,we might’ hope for a much greater perfection of Opticks 
then.can be rationally expected from fpherical ones; for though,ceteris pa- 
ribus, we find, that the larger the Telefcope Object Glaffes are, and the 
foorter thofe of the Microfcope, the better they magnifie, yet bath of ji 
beide 
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befide fuuch determinate dimenfions , are by certain inconvenieaces rendred 
unufeful ; for it willbe exceeding difficult to make and manage a Tube 
about an hundred foot long, azd it will be as difficult to inlighten ag 
ObjeEt lef? then an bundred part of an inch diftant from tbe Objelt Glafs. 
[have not. as yet made any attempts of: that kind, though I know two or 
shreewayes, which, as far asl have yet confidered, fem very probableand 
may invite me to make a tryal as foon as Tbave an opportunity, of which 
may hereafter perbaps acquaint the world. Inthe Interim, I [ball defcribe 
the Inftrument Teven now mention d, by which the refraction of all kinds 
of Liquors may be moft exattly meafur'd, thereby to give the curiows an 
opportunity of making what further tryals of that kind they [ball think, 
requifite to any of their intended tryals ; and to let them Jee that the laws 


of Refraction are not only notional. 

The Inftrument confifted of five Rulers, or long pieces placed together, 
after the manner € reft in the fecond Figure of the firtt Scheme, where 
AB denotes s fbige piece of wood about fix foot and two inches long, 
about three inches over, and an inch and half thick , on the back fide.of 
which was hung afmall plummet by a line ftretcht from top to bottom, by 
which this piece was fet'exattly upright,and fo very firmly tue 3 inthemid- 
dle of this was Made a hole or center, into which one end of a hollow cy- 
tindrical brafs Box CC, fafhion'd as fhall by and by defcribe , was plac'd, 
and could very eafily and truly be movd to and fro 5 the other end of this 
Box being put into, and moving in, ahole made in a {mall arm DD; nto 
this box was faftned the long Ruler EF, about three foot and three or four 
inches long, and at three foot from the above mention'd Centers PP was 
a hole E, cut through, and crofd with two fmall threads, and atthe end of 
it was fixt a {mall fight G, and on the back fide of it was fixt a fmall Arm H 
with a Screw to fix it in any place on the Ruler LM ; thisRuler LM was 
mov'd onthe Center B ( which was exactly three foot diítance from the 
middle Center P ) anda line drawn through the middle of it LM, was 
divided by a Line Of cordsintofome fixty degrees,and each degree was fub- 
divided into minutes , fo that Une Ma crofs of the threads in E upon any 
part of this divided line , I prefently knew what Angle the two Rules AB 
and E.F made with each other, and by tuming the Screw inH, 1 could fix 
them in any pofition. The other Ruler alfo RS was made-much after the 
fame manner, only it was not fixt to the hollow cylindrical Box, but,by means 
of ‘two fmall brafs Armes or Ears, it imov'd on the Centers of it 5 thisalfo, 
by means.of the crofs threads in the holeS, and by a Screw in K, could be 
faftned on any divifion of another line of cords of the fame radius drawn el 
NO. Andío by that means, the Angle made by the twoRulers, AB and 
RUS, was alfo known. The Brafs box C'C in the middle was fhap'd var 
much like the Figure X, that is, it wasa cylindrical Box ftopp d clofe at X 
ther end,off of whicha part both of thefides and bottomes was cut out, fo 

that 
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that the Box, when the Pipe and that. was, joyned toit; would-éontain the 
Water when fill d half full, and would likewile, without ronnie QM. "d 
dure to be inélin'd to an Angle , equal to that of the greateft refrattton of 
Water, and no more,without running over. The RulerE F was fixe very faft 

to the PipeV, fothat the Pipe V direGed the lengthofithe RulerE F; and 
the Box and Ruler were mov'd on the Pin T T, fo as to make any defi: 
rable Angle with the Ruler AB. The bottom of this Pipe V. was ftop’d 

with afmall piece of exactly plain Glafs ; which was, plac d: exactly: per- 

pendicular to.the Line of. direction, or Axzs of the Ruler EF... The Pins 

alío TT were drill d with {mall holes through the 4xis,and through thofe 

holes was ftretcht and faftned. afmall Wire. | There. was likewife a {mall 

Pipe of Tin loofly put onupon the end of V, and reaching downto. the 

fight G 5 the ufe of which was only to keep any falfe Rayes of light from 

pafling through the bottom.of V, and only admitting fuch to pafs as. pier- 

ced through the fight G: All things being placed together in the manner 
defcrib d in the Figure 5 that is, the Ruler AB being fixt perpendicular, I 

fill'd the Box C C with Water, or any other Liquor, Xe refraction I 1n- 

tended'to try, till the Wire pafling through the middle of it were. juft co- 

vered : then I moved and fixt the Ruler F E. at any affignable Angle; and 

placed the flame of a Candle juft againft the fight G and looking through 

the fight I, I moved the Ruler RS to and fro, till I perceived the light pa 

fing through G to be covered, as 'twere; or divided by the dark Wire: paf 

fing through PP: then turning the Screw in K, I fixt it in that pofture: 

And through the hole $, Lobferved what degree and part of it was cut by 

the crofs threadsin S... And this gave me the Angle of Tnelination, AP S 

anfwering to the Angle of Refraction BP E : forthe furface of the Liquor 

in the Box. will be alwayes horizontal, and confequently A B. will be a 

perpendicular to it; the Angle therefore A PS will meafure, or be the 

Angle of Inclination inthe Liquor 5 next E PB muftbe the Angleof Re- 

fraction,for the Ray that paíles through the fight G,. pafles alfo. perpendicu- 

larly through the Glafs Diaphragme at F, and confequently alfo perpendi- 

cularly through the lower furface of the Liquor contiguous to the Glafs, and 

therefore fuffersno refraction till it meet with the horizontal furface of the 

Liquor in C C, whichis determined by the two Angles. 


By means of this Inftrument I can witblittle trouble, anda very 
fmall quantity of any Liquor, examine, moft accurately, the refraction. 
of it, not only for one inclination, but for all; and thereby am inabled 
to make very accurate Tables; feveral of which Ihave alo experimentally 

- made,and find, that Oyl of Turpentine bas amuch greater Refraction 
then Spirit of Wine, though it be lighter ; and that Spirit of Wine 
has a greater Refrattion then Water, though it be lighter alfo 5 Dut that 
falt Water alfo bas a greater Refraction then freth, though it be heavier 
but Allum water bas a lef refrattion then common Water, though bea- 
vier alfo.So that it feems,as to the vefraétion made in a Liquor,the fq ge 
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fick gravity 34 of no efficacy By this Ibave alfo found, that look. < pto- 
portion the Sine of the Angle of. one Inclination has to the ine of the 
Angle of Refraction, correfrondent to it, the fame proportion have all 
dhe Sines of other Inclinations to the Sines of their appropriate Refractions. 
“my gay rain meh Ce Se et 


, j i ifti } : ime that 1 look 
fee the defir'd Obje&t through it very diftin&tly, at the fame time t 
ribi d Obje& dnte tie Glaf with one eye, Hook upon other Objects 


at the fame diftance with my other bare eyes by which means I am able, 
by thehelp of a Ruler divided into inches and fmall parts, and laid on the 
Pedeflal of the Microfcope,to caft,as it were, the magnifi'd appearance of the 
Object upon the Ruler,and thereby exactly to meafure the Diameter it ap- 

arsof through the Glafs, which being compar'd with the Diameter it ap- 
pears of to the naked eye, will eafily afford the quantity of its magnify- 


ing. ; 
She Microfeope, which for the moft part I made ufe of, was fhapd much 
like that in the fixth Figure of the firft Scheme, the Tube being for the moft 
part not above fix or feven inches long,though, by reafon it had four Draw- 
ers, it could very much be lengthened, as occafion required 3 thiswas con- . 
trivd with three Glaffessa {mall Objeét Glafs at A,a thinner Eye Glafs about 
B, and a very deep one about C: this Imade ufe of only when I had oc- 
cafion to fee much of an Object at once 5 the middle Glafs conveying a 
very great company Of radiating Pencils, which would go another way, and 
throwing them upon the deep EyeGlafs. But when ever I had occafion to 
examine the fmall parts of aBody more accurately, I took out the middle 
Glafsand only made ufe of one Eye Glafs with the Object Glaís, for always 
the fewer the Refractions are, the more bright and clear the Object appears. 
And therefore "tis notto bedoubted , but could we makea Arofcope to 
have one only refraction, itwould, ceteris parthus, far excel any other that 
had a greater number. And hence itis, that if you take a very clear piece 
of a broken Venice Glas, and ina Lamp draw it out into very {mall hairs or 
threads, then holding the ends of thefe threads inthe flame, till they mele 
and run ipto a fmall round Globu], or drop, which will hang at the end of 
the thread; and if further you ftick feveral of thefeupon the end of a ftick 
with a little fealing Wax, fo as that the threads ftand upwards, and then on 
a Whetftone firft grind eff 2 good part of them, and afterward ona fmooth 
Metal plate; with a little Tripoly, rub them till .they.come to be . very 
fmooth; if one of thefe be fixt with a little foft Wax againft a {mall needle 
hole.prick'd through a thin Plate of Brafs, Lead, Pewter, or any other Me- 
tal, and an Object, plac'd very near, be look'd at through it, it wilFboth 
magnifie and make fome Objects more diftin&t then any of the great AZicror 
fcopes. “But becaufe thefe, though exceeding eafily made, are yet very trou- 
blefometo be us'd,becaufe of their fmalnefs,and the nearnefs of the Object 5 
therefore to prevent both thefe, and yet ha ve only two Refractions, I pros 
vided me a Tube of Brafs, fhap'd much like that in the fourth Figure of the 
firft Schemes into the fmaller end of this fixt with Wax a good plano: con- 
vex 
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vex Objekt GlaBwith the convex fide towardy the Object, aud into the 
bigger end IJ fixe alfo with wax a pretty jarge plano Conver Glafs, with: 
the covvex fide towards my eye, then by means of the frnall hole 
by thefide , T fill'd the intermediate fpace between thefe two Glaffes 
withi:very clear Water, and with a Screw ffopp'd itin;. then putting. 
on a Cell forthe Eye, I could perceive an Obje& more bright then I could. 
when the intermediate fpace was only fill'd: with Air, but this, for other i? 
conveniences, I made but littleufe of... 5 | MET 

My way for fixing both the Glafs and Objeét. to the Pedeftal moft conve- 
niently was thus: Upon one fide of a round Pedeftal A BP, in the fixth Fi- 
gure of the firft Schere,was fixc'a fmall Pillat'C ©, on this was fitted a fmalb 
Iron Árm D, which could be mov d up and down, and fixt in any part of the 
Pillax,by means of a fmall Screw E5 onthe end of this Arm was a {mall Ball 
fitted into a kind of focket F, made in the fide of the BrafsRing 6, through 
which the fmall end. of the Tube was Ícrew'd 3.by means of Which contri- 
vance I could place and fix the Tube in what pofture I defird: ( which for 
many Obfervations was exceeding neceffary ), and ad juften it moft exactly 
to any Object. TQ 

For placing the Objeét,E made this contrivance 5. upon the end of a fmall 
braís Link or Staple H H, I fo faftned a round. Plate 1 L. that it might be 
turnd round upon its Center K, and going pretty ftiff, would ftand: 
fixt inany pofture it wasfers, onthe fide of this was fixt a. {mall Pillar P; 
about three quarters of aninch high, and through the top of this was thruft 
a fmall Iron pin M, whofetop juft ftood overthe Center of the Plate 5 on 
thistop Ifixt a. fmall Object, and by means of thefe contrivances! was able 
to turnit into all kind of pofitions, both tomy Eye and the Light 5. for by 
moving round the {mall Plate on its center, I could moveit one way, and by 
turning the PinM, I could move it another way , and this without füirring 
the Glàfsat all, oratleaft but very little > the Plate likewife Icould move 
to and fro to any part of the Pedeftal ( which in many cafes was very con- 
venient) and fix it alfo in any Pofition, by meansof a Nut N, which was 
ferew'd on upon thé lower part of the Pillar CC. All the other Con= 
trivances are obvious enough from the draught,and will need no defcription 


Now though this were the Infirument I made moft ufe of, yet 1 have 
made feveral other Tryals with other kinds of Microfcopes, which both 
for matter and form were very different. fiom common fpberical Glaffes. 
Thave made a Microfcope with one piece of Glaf8, both whofe furfaces 
wereplains. © I have made another only with a plano concave, without 
any kind of refleétion, divers alfo by means of refle€tion. > have made 
others of Waters, Gums, Refins, Sales, Atfenick; Oyls, and with 
divers other mixcutes of watery and oyly Liquors. And indeed the 
fubjeB is capable of a great variety, but T find generally none mare ufe~ 
fil thenthat which is made with two Glatles, fuch as T have already dex 
fca. What 


The PREFACE. 
What thethings are I obferv'd, the following de{criptions will manifefts 
in brief, they were either exceeding {mall Bodies, or exceeding fmall 
Pores, or exceeding Ímall Motions, forme of each of mbich the Reader 
will find in the’ following Notes,and fucb, as Ipr fume; ( many of them: 
at leafL) will be new, and perbaps not lefs ftrange : ‘Some fpecimen of 
each of which Heads the Reader will find in the fubfequent delineations, 
and indeed of fome more then T was willing there fbould be; which was 
occafioned. by my, firfi- Intentions to print a much. greater number then I 
hive [ince found time to compleat. — Of ‘fuch therefore as Ibad, 1 feleéi- 
ed only fome few. of every Head, which for [ome particulars [eem d moft ob- 
fervable, rejecting the reft as fuperfluous to the prefent Defign. vin 
What each of the delineated Subjetis are,the following defcriptions an- 
next to cach will inform,of which I fball bere, only once for all, add, That 
in divers of them the Gravers have pretty well follow’ d my direttions and 
draughts ;, and that in making of them, Lindeavoured ( as far as Iwas 
able) firftto difcover the true appearance , and next to make a plain re-. 
prefentation of it. This I mention the rather, becaufe of thefe kind of 
Objetts there is much more difficulty to difcover the true fhape, then of 
thofe vifible to the naked eye, the fame Objeét feeming quite differing, in 
one pofition tothe Light, from what it really ia, and may be difcouer d 
in ancther. And therefore I never began to make any draught before by 
many examinations in feveral lights, and in feveral pofttions to thofe 
lights, I had difcover'd the true form... For it is exceeding difficult in 
fome Objetis ; to diflingui[b between a prominency and a depreffion 
hetween a fhadow and a black ftain, ora -refle&ion and Ke 
in thecolour. .. Befides, thetranfparency of. moft Objetis renders them 
— gemucb more difficult then if they were opacous. The Eyes of a Fly in 
one kind of light. appear almoft like a Lattice, drilld through with abun- 
dance of {mall holes ; which probably may be the Reafon, why the Ingeni- 
ous Dr. Power. feems to fuppofe them fuch. In the Sunfbine they look, 
like:a Surface cover d with golden Nails; in another pofiure like a Sur- 
face cover’d with Pyramids ; in another with Cones; and in other po- 
Pures of quite other /bapes ; but that which exhibits the beft, is tbe Light 
collected on the Objeci, by thofe means Ihave already defcrib d. ! 


And 
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And this was undertaken in profecution of the Defign which the ROY- 
AL. SOCIETY has propos d to it felf. For-ibe Members of the Affembly bá- 
ving. before their eys o many fatal Jnflances of the errors and fallboods,in which 
the greatefi part of mankind bas fo long wandred, becaufe they rely d upon the 
firength of humane Reafon alone, have begun anew tos correct all Hy- 
pothefes by fenfe, «as. Seamen\ do their dead Reckon ings by Coeleftial 
Obfervations;agd' to this purpofe it bas been their principal indeavour to en= 
large de ftrengthen the Senifes by MedicineyanZ by fuch outward Inftruz 
ments «6 are proper for their particular works. «By this means they find forme 
reáfon to. [ufpeet that thofe effe£is of Bodies which-have been commonly attri- 
butéd to Qualities, \and thofe confef3'd to be occult, are perform’d by the 
fmall Machines of Nature, which are not to be difcern d without tbefe helps, 
Jeeming the meer produ£is of Motion,Figure,and Magnitude; and that the 
Natural Textures, which fome call tbe Plaftick faculty, zzay be made in 
Looms,which a greater perfection of Opticks may make difcernable by 1befe 

G laffes:fo as now they are-no moré puzzled about them,then the vulgar are to 
concetveshow Tapeftry or fiowred Stuffs are woven. Ánd the ends of all thefe. 
Inquiries they intend tobe the Pleafute of Contemplative tminds, but above 
all,thereale and difpatch of the labours of mens hands: They do indeed neg 
lec! no opportunity to bring all the rare things of Remote Countries within the 
compas of their knowledge and prattice.But they (till acknowlede their moft 
ufeful Informations to arife from common things, ‘and from diverfifying 
their. moft ordinary operations upon them. They donot wholly reject Éxperi 
ments of meer light and theory ; but they principally aim at fuch, whofe 
Applications will improve and facilitate the prefent way of Manual Arts; 
And though fome men, who are perhaps taken up about le/3 honourable Em- 
ployments, are pleas d to cenfure their proceedings, yet they can [bew more 
fruits of their firft three years, wherein they have affembled, thén any other 
Society in Europe can for a much larger [pace of time. Tis true, fuch un: 
dertakings as theirs do commonly meet with fmallincouragement., becanfé 
men are generally rather takenwith the plaufible and difcurfive, then the 
real and the folid part of Philofophy ; yet by the good fortuneof. their inftitus 
tionjn an Age of all others the moft inquifitive,they have been affefted by the\ 
contribution and prefence of very many of the chief Nobility and ME 
g an 
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and others,who are fome of the molt confiderable in their feveral Profeffions. 
But that that yet farther convinces me ofthe Real efteem that the morete- 
‘rious part of men have of this Society js, that feveral Merchants,men who 
aii in earnefi( whofe Objebt is meum & tuum, that great Rudder of humane 
affairs)bave adventur d confiderable [ums of Money o put in practice what 
fome of our Members have contrived, and have continued ftedfaft in their 
good opinions of fuch Indeavours, when not one of a hundred of the vulgar 
have believed their undertakings feafable. And it is alfo fit to be added,that 
they have one advantage peculiar to themfelves,that very many of their num- 
ber are men of Converfe: and Traffick ; which i a good Omen, that tbeir 
attempts vill bring Philofophy from words to attion,feeing the men of Bufr- 
aet have had Jo great a fhare in their firft foundation. | 
And of this kind Iougbt not to conceal one particu JarGenerofity which more 
nearly concerns my felf-lt is the munificence of Sir JohnCutler,7 endowing 
a Letture for the promotion of Mechanick ‘Arts.to be governed and direbied 
byZhisSociety .Zhisbounty I mention for the Honourablenefs of the thing it 
felf,and for the expectation which I have of the efficacy of the Example ; for 
it cannot now be objeGied to them,that their Defigns will be efteemed frivolous 
andvains ben they bave fuch a veal Teftimony of the Approbation of 
a Man that is fuch an eminent Ornament of this renowned City, and one, 
who, by the Variety, and the happy Succefs, of bis negotiations, bas given 
evident proofs, that be ia not eafte to be deceiy d. This Gentleman bas well 
obfer d., that the Arts of life bave been too long imprifon d in the dark. 
- fhops of Mechanicks themfelves, there hindred from growth,either by ig- 
norancer felf-intereft:and be has bravely freed them from thefe inconveni- 
ences:He hath not only obliged Tradefmen,but Trade it felfHe has done a 
work. that x worthy of London, and has taught the chief City of Commerce 
inthe world the right way. bom Commerce istobe improv d. We have already 
feen many other great figns of Liberality and a large mind, fromthe fame 
band: For by bis diligence about theCorporation for the Poor;by bis bóno- 
rableSubfcriptions for the rebuilding of Si Paul s;by bis chearful D'isburf- 
ment forthe replanting of Ireland,and by many other fuch publick works, 
he bas. (bewn by what means be indeavours to eftablith his Memory; and 
now by this laft gift be bas done that,which became one of the wifett Citizens? 

| | of 
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of our Nation to acomplifh, feeing one of the wifefe of our Statefmen,thie 
Lord Verulam, fifi propounded it, AT 
s But to return to my Subjecty from iaydligveffion: which, Tibopeymy Reader 
vill pardon me, feeing the Exainple is ‘fo rare bat L can make rio shore fuck 
digreffions. If thefe my fir Labours [ball i ay wives \y/qful to. que 
ving-men, I muft attribute the inconir agement and promotion oftliém toa weq 
ry Reverend and Learned Perfori;of whom thisougbt in-juftice.to. be (aid, 
That there is fearce any one Invention, which this: Nation-has pros 
ducd in our Age, but it has fome:wáy. onother been fcc forward by 
hisaffiftance. My Readersl beliénepiill quickly ghee; that it das Dy: Wilh 
kins that [ mean.He isindeed amanborn for. the good of mankindsaad for 
the honour of bis Couutry. tn the fweetnetsef Phofe behávioutya the 
calmunefs of his mind, in the unbounded goodnels of. bis héart, we baue 
an evident Inflance, what the truecand the primitive unpafbenate Religi 
on ias, before it was fowred by particular Fations. In amend) his Leal 
has-been fo conftant and eke&ial ‘in. advancing all good, and profitable 
Arcejtbat- as one of the Antient Romans faid.of Sespia, That hechankeal 
God that he was:a Roman 3: beéau(e wherecvér Seipio shad: been born, 
therehad been the fear of che; Empire. of the world: \Samaye Fthenk. 
Gods that Dr. Wilkins wasaz Eriglifhman;: for wbereéver che bad.líged, 
there bad been the chief Seat of generous Knowledge-and-trte Philofe, 
phy. Zo the truth of tbisgbereare [o many morthy men living, that will ful 
feribe, that I am confident, what I bae here faid,: will nót. bti looked ufi, 
by ‘any ingenious Reader, | as.a\ Pànégyriclo, but only doa teal. tefts- 
By the Advice of this Excellent man 4 firft fet upon this Enterprifes yet 
fill came to it with much Rela&ancy.becaufe-l was to follow: the footfieps of 
fo eminent a Perfon as Dr. Wren ,who mastbe frr [t bat attempted my 
thing of this nature ; whofe original draughts do now makesanéof, the Orta. 
ments of that great Collettion of Rarities in the Kings Clofet. This Ho- 
nor, which his firft beginnings of this kind bave receiv d, to be admitted in- 
to the moft famous place of tbe world,did not fo much incourage, as the lia- 
zard of coming after Dr. Wren did affright mte ; for of bim Inf affirm, 
that; finceibe time of Archimedes, there fearce ever met in one man, in fo 
great 
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great a’ perfe£tion, fuel: Mechanical Band, arid: fo Philofophical a 
Mind. A 3 V bae 

W But dt Liftsbeing affured both by Dr. Wilkins,and Dr. Ween dimfelf, 
that be bad viven over Die intentions of profecuting ity and not finding that 
rherewwas any elfe defign'd the pur fuing of it, fet upon this undertakitigy and 
nis not a Tittle incourap d to proceed in it;bytbe Honour the Royal Seciety 
wus pleas d to favour me within approving’ of thofe draughts, (mbicb. from 
tithe to time as Thad an opportunity of - defcribing) Eprefented to thents And 
particularly by the Incitements of divers of thole Noble and. excellent Per- 
fons of it, which were ray more efpecial Friends soho were nat lef urgentwith 


me for the publifbing, then for the profecution of them. | 

E After T bad almoft compleated thefe Pictures and Obfervations. Cha- . 
ving bad: diders of them aingraven ; and was ready to fend them. to the 

Prefs) Iwas iforuid , that the Ingenious P byftian Dr. Henry;Fower 

bad made feveral Microfcopical Obfervations which had I not afterwards, 

upon our interebangably viewing each otbers Papers, found that they, were 

for the mfi part differing from mine, either in the SubjeG it [elf ,. ot in the 

particulars taken notice of 3; and that: :bis defign was only to print Obfer- 

“vations without Pithires,] bad even then fuppretied what Ibad fo. far pro» 
eeded in. “But being further excited by feveral of my Friends, in'comply- 

cance with their opinions, that it would not be unacceptable to feveral inqui- 

fitive Men, and hoping alo, that I. fhould thereby difcover fametbing 

New tothe World, [have-at length caft im my Mite, into.the vaft Z1 reafit- 

ry of A Philofophical Hiftory. And it is. my hope, as well as belief, that 

thefe my Labours will be no more comparable to the Produ&ions of many 

‘other Natural Philofophers, who are moi every where bufie about greater 

things ;\ thenmy little Objets are tobe compar'dtothe: greater and more 

‘beautiful Works of Nature; 4 Flea, a Mite, a Gnaty to an Horfe,an Ek- 

phant,ora Lyon. 05 h nsios 29) Ted 
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OsskERYATIONS and I&QurRTESs thereupon. 


Obferv. I. Of the Point. of a fharp frnall Needle, .... 
448. in Geometry, the moft natural way. of beginning is Séhers.2, 
from a Mathematical pozzt 5 foisthe fame methed:in Fig.1; 
Obfervations and Natural hiffory the moft genuine,fim> 
ple, and inftructive. We mutt firft endevour to make 
letters, and draw fexgle (trokes true, before we vene 
4; ture to write whole Sextexces ; or to draw large Pis 
&i dures; AndinPhyfcal Enquiries, we muft endevour 
to follow Nature in the more p/az and eafie ways fhe 
treadsin the moft Gmple and uxcompaunded bodies, to trace her fteps, and 
be acquainted with her manner of walking there, before we venture our 
(elves into the multitude of weazders the hasin bodies of a more complica 
ted nature ; left, being unable to diftinguith and. judge. of our way, \we 
uickly lofe both Nature our Guide,and eur félves.too.and are left to;wanz 
Fi in the labyrinth of groundlefs opinions; wanting both judgment, that 
light, and experieuce, that clem, which fhould dire our proceedings, 
We will begin thefe our Inquiries therefore with the Obfervations.of 
Bodies of the molt fizple sature fir(t,and fo gradually proceed to thofé-of 
more compounded one.In profecution of which method, we fhall begin with 
a Phyfical point, of which kind the Point of a Needle is commonly reckon’ 
for one ; and is indeed, for the moft part, made fo fharp, that she naked 
eye cannot diftinguifh any parts of it: It very eafily pierces, and. makes its 
way through all kind of bodies fofter then it fel&Butif view d with a very 
good AMicrofcope, we may find that tbe £ep of a Necdis (though as der 
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fenfe very sharp) appears a bread, blunt, and very irregular eid. not refem- 

. bling a Cone, as isimagin d, but onely a piece of a tapering body, witha 
great part of the top remov' d, or deficient. The Points of Pins are yet 
more blunt, and the Points of the moft curious Mathematital Inftruments 
do very feldome arrive at fo great a fharpnefs ; how much therefore cam 
be built üpon demonftraticns made onely by the productions of the Ru- 
ler and Compafies, he will be better able to confider that fhall but view 
thofe points and lines with a Microfcope. 

Now though this point be commonly accounted the fharpeft (whence 
when we would e&grefs the fharpnefs of a point the moft fuperlatzvely, we 
fay, Asfharpasa Needle) yet the Microfcope can afford us hundreds of In- 
{tances of Points many thoufand times fharper : fuch as thofe ofthe bar», 
and brifiles, and claws of multitudes of Infeds; the thorns, or crooks, Of. 
Fairs of leaves, and other {mall vegetables; nay, the ends of the ftirie or 
fmall parallelipipeds of Amianthus, and alumen plumofum , of many of 
which, though the Points are fo fharp as not to be vilible, though view'd 
witha abc bye (which magnifies the Object, in bulk, abovea million of 
times) yet I doubt not, but were we able pratfically to make Mictofcopes 
according to the theory of them, we might find hills, and dales,and pores, 
and a fuflicient bredth, or expanfion, to give all thofe parts elbow-room, 
even inthe blunt top of the veryPoint of any of thefe fo very fharp bodies. 
For certainly, the quantity or extenfion of any body may be Divifible in in- 

finitum, though perhaps not the matter. 

But to proceed: The Image we have here exhibited in the 
firft Figure, was the top of a fmall and very fharp Needle, whofe 
point a «4 neyerthelefs appear'd through the <Afcrofcope above à 
quarter of an inch broad, not round nor flat, but irregular and ute 
even; fo that it feem'd to have been big enough to have afforded a 
hundred armed Mites room enough to be rang’d by each other without 
endangering the breaking one anothers necks, by being thruft off on ei- 
therfide. The furface of which, though appearing to the naked eye very 
fmooth,could not neverthelefs hide a multitude of holes and fcratches and 
ruggednefles from being difcover'd by the A4ierofcope to inveftit, feveral 
of which inequalities (as A,B,C, feem'd holes made by fome {mall fpecks of 
Rwfl 5 and D fome adventitious body, that ftuck very clofe to it) were ca- 
fal. All the reft that roughenthe furface, were onely fo many marks of 
the rudenefs and bungling of Art. So unaccurate is it, in all its produdti- 
ons, even in thofe which feem moft neat, that if examin'd with an organ 
more acute then that by which they were made, the more we fee of their 
Shape; the lefs appearance will there be of their beauty: whereas in the 
works of Nature, the deepeft Difccveries fhew us the greateft Excellen- 
cies, An evident Argument, that he that was the Author of all thefe 
things, was no other then Ozzzipotezt ; being able to include as great a va- 
tiety of parts and contrivances inthe yet fmalleft Difcernable Point, as in 
thofe vafter bodies (which comparatively are called alfo Points) fuch as 
rs ces or Planets, Nor need it fcem ftrange that the Earth it felf 

y be by an.4z4/ogie call d a‘Phyfical Point:For as its body,though now 
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fo near us as to fill our eysand fancies witha fenfe of the) vaftnefs of it; 
may by alittle Diftance, and. fome convenient Diminifhing Glafies, be 
made vanith into a ícarce vifible Speck, or Point (as I have often 
try d on the 74007, and (when not too bright) on the Suz it felt.) So 
could a Mechanical contrivance fuccesfully anfwer our Theory, we might 
fee the leaft {pot as big as the Earth ir felf; and Difcover, as Des Cartes Disp. ch. 
alfo conjectures, as gteat'a variety of bodiesin the 797; or Planets, as in to. § 9. 
the Earth, . i 4 

But leavirig thefe Difcoveries to future Induftries; we fhall proceed to 
add one Obfervation more of a pont. commonly fo vall'd;that is, the mark 
of a full (lop, or period. And for this purpofe I obferved many bothprzzted 
ones and written and among multitudes I found fe». of them mote round 
- or regular then this which I have delineated in the third figure of the fe- 
cond Scheme; but very.zazy abundantly wore disfigur’ds and. for. the 
moft part if they (eem'd equally round to the eye, I found thofe points 
that had been made by a Copper-plate, and Roll-prefs, to be as misfhapen 
as thofe which had been made with. Zpes, the moft curious and fmothly 
engraven ftrokes and points, looking but as {o many furrows and holes, and 
their printed. impreffions, but like frutty daubings on a matt or uneven 
floor with a blunt extinguifht brand oríticks end. And as for points 
made with a pez they were much more rugged and deformed, Nay,having 
view'd certain pieces of exceeding curious writing of the kind ( one of 
which in the bredth of a £mo-pezce comprisd the Lords prayer, the Apoftles 
Creed, the ten Commandments, and about half a dozen verfes befides of the 
Bible, whole lines were fo fzzal/ and near. together, that I was unable to 
number them with my waked eye, a very ordinary AZcrofcope, Yhad thena- 
bout me, inabled me to fee that what the Writer of it had aflerted was 
true, but withall difcover d of what pitifull buxgling fcribbles and {crawls 
it was compos d, Arabian and China charatfers being almoft as well fhap'd ; 
yet thus much I muft fay for the Man, that it was for the moft part /egible 
enough, though in fome places there wanted a good fazt/y well prepofeft 
tohelp onethrough. 1f this manner of wal! writing were made eafie and 
praGicable (and I think I know fucha one, but have never yet made 
tryal of it, whereby one might be inabled'to write a great deale with wuch 
eafe, and accurately enough in avery little roome ) it might be of very 
good ufe to convey fécret Intelligence without any danger of Difcovery 
or mifirufiing. Butto come again tothe point. The Irregularities of it 
are caufed by three or four coadjutors, one of whichis, the wuzevez furface 
ofthe paper, which at beft appears no fmother then a very courfe piece of 
fhag d cloth, next the irregularity of the Type or Ingraving, anda third is the 
rough Daubing of the Printing-Ink that liesupon the inftrument that makes 
the impreffion, to all which, add the variation made by the Different 
lights and shadows, and you may have fufficient reafon to ghefs that a point 
may appear much more z£/y then this, which I have here prefented, which 
though it appear’d through the Afcrofcope gray, like a great fplatch of 
London dirt, about three inches over 5 yet to the #aked eye it was black ; 
and no bigger then that in the midft of the Circle A. And could E ete 
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found Room in this Plate to have inferted an O you fhould have feenthat- 
the Jetters were not more diftin& then the ponts of Diftinction, nora 
drawn circle more exa&tly fo,then we have now fhown a por»; to be a pezzt: 


—— 


Obferv. 11. Of tbe Edge of a Razor. 


He fharpeft Edge hath the fame kind of affinity to the fharpeft Point 
i in Phyficks, as a line hath to a poizt in Mathematicks ; and therefore 
the Treaty concerning this, may very properly be annexed to the for- 
mers A Razor doth appear to be a Body of a very neat and: curious a- 
fpect, till more clofely viewed by the Adicrofcope, and there we may ob- . 
ferve its very Edge to be of all kind of fhapes, except what it fhould be. 
For examining that of a very fharp one; I could not find that any ‘part of 
it had any thing of fharpnefs in it; but it appear d à rough furface of a 
very confiderable bredth from fide to fide, the narroweft part not feem- 
ing thinner then the back of a pretty thick Knife. Nor ist likely that it 
fhould appear any otherwife, fince as we juft now fhew'd that à peiztap- . 
pear d a circle, 'tis rational a line fhould be a parallelogram. 
Now for the drawing this fecond Figure(which reprefentsa ‘part of the 
Edge about halfa quarter of an inch long of a Razor well fet) Ifo plac dit 
betweenthe Object-glafs & the light.that there appear d a refledtion from 
the very "aep sinn by the white line abe de f. In which you may 
erceive it to be {omewhat fharper then elfewhere about d, to be indent- 
ed or pitted about 4, to be broader and thicker about c, and unequal 
and tugged about e, and pretty even between 4 band ef. Nor wasthat 
part of the Edge ghz fo fmooth as one would imagine fo fmooth bo- 
diesasa Hone and Oyl fhould leave it 5 for befides thofe multitudes of 
fcratches, which appear to have raz'd the furface g 57 k, and to crofs 
each other every way which are not half of them expreft in the Figure, 
there were feveral great and deep fcratches, or furrows, fuch as & » and 
ih, which made the furface yet more rugged, causd perhaps by fome 
fall Duft cafually falling on the Hone, or fome harder or more flinty 
partof the Hone it felf.. The other part ofthe Razor / /, which is polifh'd 
on a grinding-ftone, appear’d much rougher then the other, looking al- 
moft like a plow'd field, with many parallels, ridges, and furrows, and a 
cloddy, as 'twere, or an uneven furface: nor fhall we wonder at the 
roughnefles of thofe’ furfaces, fince even in the moft curious wrought 
Glafies for Adicrofcopes, and other Optical ufes, I have, when the Sun has 
fhone well on them, difcover'd their furface to be varioufly raz’d or 
{cratched, and to confift of an infinite of {mall broken furfaces, which re- 
flect the light of very various and differing colours. And indeed it feems 
impoflible by Art to cut the furface of any hard and brittle body {mooth, 
fince Putte, or even the moft curious Pomder that can be made ule -of, to 
polifhfüch a body, muft confift of little hard rough particles, and each of 
them müft cut its way, and confequently leave fome kind of gutter or 
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furrow behind it. And though Nature does feem to do it very readily in 
all kinds of fluid bodies, yet perhaps future obfervators may difcover 
even thofe alío rugged 5 it being very probable, asIelfewhere ihew, that 
fluid bodiesare made up of fmall folid particles varioufly and ftrongly 
mov'd, and may find reafon to think there is fcarcea furface i» rerum naa 
turd perfectly fmooth. The black {pot mx, I gheís to be fome fmall 
{peck of ruft, for that I have oft obíerv'd to be the manner of the working 
of Corrofive Juyces. To conclude, this Edge and piece of a Razor, if it 
had been really füch as it appear'd through the Aficrofcope, would {carce- 
ly have ferv'd to cleave wood, much lefs to have cut off the hair of beards, 
unlefsit were after the manner that Lucian merrily relates Charon to have 
made ufe of,when with a Carpenters Axe he chop'd off the beard ofa fage 
Philofopher, whofe gravity he very cautioufly fear'd would indanger the 
overfetting of his Wherry. 


Obferv. III. Of fine Lawn, or Linnen Cloth. 


T His is another product of Art, A piece of the fineft Lawn I was able 
to get, fo curiousthat the threads were fcarce difcernable by the na- 
ked eye,and yet through an ordinary Microfeope you may perceive what 
. a goodly piece of coarfé Matting it 1s 3 what proportionable cords each of 
its threads are, being not unlike, both in íhape and fize, the bigger and 
coarfer kind of frzele Rope-yarn wherewith they ufually make Cables. That 
which makes the Lawn {otranfparent, is by the Aécrofeope, nay by the 
naked eye, if attentively viewed, plainly enough evidenced to be the 
multitude of Íquare Roles which are left between the threads, appearing 
to have much more hole in refpect of the intercurrent parts thenis for the 
uroft part left in a /att?ce-mindow, which it does a little refemble, onely 
the crofling parts are round and not flat. 

Thefe threads that compofe this fine contexture, though they are as 
{mall asthofe that conftitute the finer forts of Silks, have notwithftanding 
nothing of their gloflie, pleafant,and lively reflection. Nay, I have been 
informed both by the Inventor himfelf, and feveral other eye-witnefles, 
that though the flax,out of which it is made,has been (by a fingulat art, of 
that excellent Perfon, and Noble Vertuofo, M. Charls Heard, brother to 
the Duke of Norfolk fo curioufly drefd and prepar’d,as to appear both to 
the eye and the touch, full as fize and as g/offie, and to receive all kinds 
of colours,as well as Sleave-Silk ; yet when this Silken Flax is twifted into 
threads, it quite lofeth its former lufter, and becomes as plain and bafe 
a thread to look on, as one of the fame bignefs, made of common Flax. 

Thereafon of which odd Phenomenon feems no other then this; that 
though the curioufly dreft Flax has its parts fo exceedingly fmall, as to 
equallize, if not to be much fmaller then the clew of tlie Silk-worm, efpe- 
cially in thinnefs, yet the differences between the figures of the confti- 

- tuting filaments are fo great, and their fübftances fo various, that — 
thofe 
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thofe of the silk, are fwall,ronnd, hard, tranfparent, and to their bignefs 
proportionably fliff, fo as each filament prefervesits proper Pzesre, and 
confequently its vivid reflection intire, though twifted into a thread, if 
not too hard ; thofe of Flax are flat, limber, fofter,and lefs tranfparent, and 
intwifting into a thread they joyn,and lie fo clofe together,as to lofe their 
own, and deftroy each others particular reflections. There feems theres 
fore three Particulars very requifite to make the fo dreft Flax appear Silk 
alfo when {pun into threads. Firft, that the fübftance of it fhould be 
made more clear and tran(parent, Flax retaining in ita kind of opacating 
brown, or yellow ; and the parts of the whiteft kind I have yet obferv'd 
with the Aficrofcope appearing white, like flaw'd Horn or Gla&,: rather 
then clear, like clear Horn or Glafs Next that, the filaments (hould each 
of them be rounded, if that could be done, which yet is not fo very necef- 
fary, if the firít be perform'd, and this third, which is, that each’ of the 
{mall filaments be /ifved, for though they be quare, or flat, provided 
they be tranfparent and ftiff, much the fame appearances muft neceffarily 
follow. Now, though I have not yet made trial, yet I doubt not, but that 
both thefe proprieties may be alfo tinduc d upon the Flax,and perhaps too 
by one and the fame Expedient, which fome trials may quickly inform any 
ingenious attempter of, who from the ufe and profit of fuch an Invention, 
may find füfficient argument to be prompted to fuch Inquiries. As for 
the tenacity of the fubftance of Flax, out of which the thread is made, it 
feems much inferiour to that of Silk, the one being a vegetable, the 
other an animal füb[tance.-- And whetherit proceed from the better con- 
cottion, or the.móre homogeneous conftitution of azimal fübftances 
shove .xhofe of vegetables, Y do not here determines yet fince I ges 
nerally find, that vegetable fubftances do not equalize the tenacity of ani- 
mal, nox thefe the fézacity of fome purified mineral fübftancess I am 
very apt tothink, that the tenacity of bodies doesnot proceed from the 
hdmons, OF hooked particles, as the Epicureans, and fome modern’ PÀz/ofo- 
phers have imagind ; but from the more exact congruity of the confti- 
tuent parts, which are contiguous to each other, and fo bulky, as not to 
mos feparated, or fhatter'd, by any {mall pulls or concuffion of 


Obferv.1V. Of. fine waled Silk or Zaffety. 


! His is the appearance of a piece of very fine Taffety-riband i 
bigger magnitying Glafs; which you fee exhibits it like a ade 
venient (ubftance to make Bed-mattsjor Door-matts of,or to ferve for Bee- 
hives, Corn-fcuttles;Chairs; or Corn-tubs,it being ‘not unlike that kind of 
work, wherewith in many parts in England, they make fuch Utenfils of 
Straw,a little wreathed;and bound together with thongs of Brambles. For 
in this Contexture, each little filament, fiber, or clew of the SHlkzwórim 
fcem'd about the bignefs of an ordinary Straw, as appears by the little ir- 
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’ egular pieces,a b,c d,and ef; The Warp,or the thread that ran croffing the 


\iband,appear'd like a fingle Rope cf an Inch Diameter; but the roof. 
r the thread that ran the length of the Riband, appeard not half 
"ig. Each Inch of fix-peny-broad Ribatid appearin# nó lels then a piece 
X Matting Inch and half thick, and twelve foot fquare 5 a few yards of 
his, would be enough to floor the long Gallery of the! Lonre at 2 
jut to return to our piece of Riband : It affords us a not unplea(ànt eb- 
ect, appearing like a bundle, or wreath, of very clear and tran{parent 
ylinders.if the Silk be white, and curioufly.ting'd 5f it bé colour'd;each 
of thofe {mall horney Cylinders affording in fome place or other of them 

is vivid a reflection, as ifit had been fent from a Cynder of Glafs or Horn, 
n-fo-much, that the reflections of Red; appear'd as if coming from fo 
many Grazates, or Rubies. The lovelinefs of the colours of Silks above 
thofe of hairy Stufis;or Linnen,confifting as Lelfe-where intimate,chiéflyin 
thetranfparency, and vivid refleGtions from the Cezcave;or inner furface 
of the tranfparent Cylinder, as are alfo the colours of Precious Stones; 
for moft of the reflections from each of thefe Cylimders, come from the 


Concave furface of the air, whichis as. 'twere the foil that incómpafles the 


Cylinder. The colours with which each of thefe Cylimders are ting’d, feem 
partly to be fuperficial, and {ticking to the out-fides of them ; and. partly, 
to be imbib’d, or funck into the fubftance of them : for Silk, feeming to 
be little elfe then a dried thread of Glew, may be (upposd to be very 
eafily relaxt,and foftened, by being fteeped in warm, nay in cold, if pene: 
trant, juycesor liquors. And thereby thofe tinctures, though they tinge 
perhaps but a fall part ofthe fubitance, yet being fo highly impregnated 
with the colour, asto be almoft black with it, may leave an impteffion 
ftrong enough to exhibite the defird colour. A pretty kinde of artifis 
cial Stuff I have feen, looking almoft like tranfparent Parchment, Horn, 
or Ifing-glafs, and perhaps fome fuch thing it may be made of, which be- 
ing tranfparent, and of a glutinous nature, and eafily mollified by keep- 
ing in water, as I found upon trial, had imbib d; and did remaimting d 
with a great variety of very vivid colours, and to the naked eye, it look'd 
very like the fubftance of the Silk. And Ihave often thought, that pro» 
bably there might be away found out, to make an artificial glutinous 
compofition, much refembling, if not full as good, nay better; then that 


| Excrement,or whatever other fub{tance it be out of which, the Silk-worm 
| wire-draws his clew. If füch a compofition were found, it were certaine 


ly an eafie matter to find very quick ways of drawing it out into {mall 
wires for ufe. I need not mention the ufe of fuch an Invention,not the be- 
nefit that is likely to accrue to thefinder,they being fufficiently obvious. 
This hint therefore, may, Thope, give fome Ingenious inquifitive: Petfon 
anoccafion of making fome trials, which if fuccefsfull,I have my aim, and 
I fappofe he will have no occafion to be diípleas d. tw 2 
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Obferv. V. Of watered Silks, or Stuffs. 


Here are but few Artificial things that are worth obferving with a 
Microfcope 5 and therefore I fhall fpeak but briefly concerning them. 

For the Productions of art are fach rude mif-fhapen things, that when 
view d with a Aicrofcope,there is little elfe obfervable,but their deformity. 
The moft curious Carvings appearing no better then thofe rude Ruffian 
Images we find mention d in Purchas, where three notches at the end of a 
Stick, ftood fora face. And the moft (mooth and burnifh'd furfaces appear 
moft rough and unpolifht : So that my firft Reafon why Ifhall add but a 
few obfervations of them, is, their mifthapen form; and the next, is their 
ufelefsnefs. For why fhould we trouble our felvesin the examination of 
that form or fhape (which is all we are able to reach with a Microfeope) 
which we know was defign'd for no higher a ufe, then what we were able 
to view with our naked eye? Why Íhould we endeavour to difcover 
myfteriesin that which hasno fuch thing in it? And like Rabbins find out 
Caballifins, and enigmás inthe Figure, and placing of Letters, where no 
fach thing lies hid : whereas in natural formsthere are fome fo fmall, and 
fo curious,and their defign d bufinefs fo far remov'd beyond the reach of 
our fight,that the more we magnify the object, the more excellencies and. 
myfteries do appear 5 And the more we difcover the imperfections of our 
fenfes, and the Omnipotency and Infinite perfections of the great Crea- 
tour. I {hall therefore onely add one or two Obfervations more of art7fi- 
cial things, and then come to the Treaty concerning {uch matters as are 
the Productions of a more curious Workman. One of thefe,fhall be that 
of a piece of waterd Silk, reprefented in the fecond Figure of the third 
Scheme,asit appear d through the leaft magnifying Glafs. A B. fignifying 
the long way of the Stuff,and € D the broad way. This Stuff, if the right 

fide of it be looked upon, appears to the naked eye, all over fo waved 
undulated, or grain’d, with a curious, though irregular variety of brigh- 
ter and darker parts, that it adds no fmall gracefulnefs to the Glofs of it. 
It isfo known a propriety, that it needs but little explication, but it is ob- 
fervable, which perhaps every one has not confidered, that thofe parts 
which appear the darker part of the wave, in one pofition to the light, in 
another appears the lighter,and the contrary;and by this means the onde 
Jations become tranfient, and in a continual change,according as the po- 
fition of the parts in refpe& of the incident beamsof light is varied. the 
reafon of which odd phenomena, to one that has but diligently examin'd 
it even with his naked eye, will be obvious enough. But he that obferves 
it with a Aficrofcope, may more eafily perceive what this Proteus is, and 
how it comes to change its fhape. He may very eafily perceive, Kw 
ecc onely from the variety of the Reflections of light, which is causd 
y the various shape of the Particles, or little protuberant parts of the 
thread that compole the furface;and that thofe parts of the waves that 
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appear the brighter.throw towards the eye a multitude of fmall refledi- 
ons of light, whereas the darker fcarceaftord any. The reafon of which 
reflection, the ZZierefcope plainly difcovers; as appears by the Figures In 


- which you may perceive, that the brighter parts of the furface confift of 


an abundance of large and ftrong retlections,denotediby 4, a, 2, 4, 2, &c; 
for the furfaces of thofe threads that run the /ozg may, are by the Mecha- 
nical procefs of watering, ereasd or angled in another kind of pofture 
then they were by the weaving: forby the weaving they are onely bent 
round the warping threads 3, but by the watering, they are bent with ate 
angle, or elbow, that is inftead of lying, or being bentrezzd the threads, 
as in the third Figure, 4,4, 2, 4, 2, are about b,b,b (b,b,b reprefenting the 
ends,as ‘twere, of the crofsthreads;they are bent about) they are creas d 
onthe top of thofe threads, with an azgle, as in the fourth Figure; and 
that with all imaginable, variety 5 fo that,whereas before they reflected 
the light onely from one point of the round fürface, as about c; c; é, they 
now when water d, reflect the beams from more then half the whole furs 
face,as de, de, de, and in other poftures they return no reflections at all 
from thofe furfaces. - Henée in one pofture they compofe the brighter 
parts of the waves,in anotherthe darker. And thefe reflections are alío 
varied, according as the particular parts are varioufly bent. The reafon 
of which creafing we fhall next examines and here we mutt fetch our in- 
formation from the Mechanifm or manner of proceeding in this operation 5 
which, as I have been inform’d, is no other then this. 

They double all the Stuft that is to be water'd, that is,they creafe it juft 
throughthe middle of it, the whole length of the piece, leaving the right 
fide of the Stuff inward, and placing the two edges, or filvages juft upon 
one another,and,asnearasthey can,place the wale fo in the doubling ofit, 
that the wale of the one fide may lie very near parallel, or even with the 
wale of the other 5 for the nearer that pofture they lie, the greater will 
the watering appear 3 and the more obliquely,or actofs to each other they 
lie, the fmaller are the waves. Their way for folding it for a great wale 
isthus : they takea Pin,and beginat one fide of the piece inany wale,and 
fo moving it towards the other fide, thereby dire& their hands to the op- 
pofite ends of the wale, and then, as near asthey can, place the two op- 
pofite ends of the fame wale together, and fo double, or fold the whole 
piece, repeating this enquiry with a Pinat every yard or twos diftance 
through the whole length ; then they fprinkleit with water,and fold it the 
longways, placing between every told:a piece of Paftboard, by which 
meansall the wrong fide of the water'd Stuff becomes flat, and with little 
wales, and the wales on the other fide become the more protuberant 5 
whence the creafings or angular bendingsof the wales become the more 
perfpicuous. Having folded it in this manner,they place it with an inter- 
jacent Paftboard into an hot Prefs, whereit is kept very violently preft, 
till itbe dry and ftiff by which means, the wales of either contiguous 
fides leave their own impreffions upon each other, as is “ety, mant" 
feft by the fecond Figure. where "tis obvious enough, that the wale of the 


piece 4 B C D runs parallel between the pricked lines ef^ ef, *f. and as 
D tianifeft 
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manifeft to difcern the impreffions upcn thefe wales, left by thofe that 
were preft upon them,which lying not exactly parallel with them;buta lit 
tle athwart them, as is denoted by the lines of,0 000, gh. gh.gh, between 
which the other wales did lie parallelsthey are fo varioufly,and irregular : 
ly creas d that being put into that fhape when wet,and kept fo till they be 
drie, they fo fet each others threads, that the Moldings remain almott.as 
long as the Stuff latts. ical 

Hence it may appear to any one that attentively confiders the Figure; 
why the parts of the wale 4,4,4,454,4, fhould appear bright 5 and why 
the parts b, b, b, b, b, b, fhould appear fhadowed, or dark; why fome, as 
d,d,d,d,d,d, fhould appear partly light;and partly dark : the varieties of 
which reflections and fhadows are the only caufe of the appearance of wa- 
tering in Silks, or any other kind of Stuffs. 

From the variety of reflection, may alfo be deduc'd the caufe why a 
fmall breez or gale of wind ruffling the furface of a fmooth water, makes 
it appear blacks asalfo,on the other fide, why the fmoothing or burnith- 
ing the furface of whitened Silver makes it look black ; and multitudes of 
other phenomena might hereby be {olv'd, which are too many to be here 

infifted on. 


Obferv. VI. Of fmall Glafs Canes. 


Hat I might be fatisfid, whether it were not poffible to make an 
i Artificial pore as fmall as any Natural Y had yet found, I made fe- 
veral attemps with fmall glafs pipes, melted inthe flame of a Lamp, and 
then very fuddenly drawn out into a great length. And, by that means, 
without much difficulty, I was able to draw fome almoft as {mall as a 
Cobweb, which yet, with the Microfcope, Y could plainly perceive to be 
perforated, both by looking onthe ezd: of it, and by looking onit againft 
the light ; which was much the eafier way to determine whether it were 
folid or perforated 5 for, taking a fmall pipe of glafs, and clofing one 
end of it, then fillingit ba/f full of water, and holding it againft the light, 
I cculd, by thismeans, very eafily find what was the differing afpe of a 
jfolid and a perforated piece of glafs and fo eafily diftinguith, without 
feeing either end, whether any cylinder of glafs 1look'd on, werea folid 
flick, or a hollow cane. And by this means,I could alfo prefently judge of — 
any {mall filament of glafs, whether it were hoo or zot, which would — 
"have been exceeding tedious to examine b looking ontheend. And 
many füch like ways I was fain to make s of, in the examining of di- 
vers other particulars related in this Book, which would have been no 
cafie task to have determined meerly by the more common way cf look- 
ing on, or viewing the Object. For, if we confider firft, the very faint 
Fight wherewith the object is enlightened, whence many particles ap- 


“pear opacons, which when more enlightned, appear very trazparezt, 1o 
that Twas fain to determine its tran{parency by one glafs, and its texture 
by another, Next, the w#manageablene{s of moft Objects, by reafon 
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of their fwalnefi, 3. The difficulty of finding the defited point and of 
placing it í0;:as to reflect the light conveniently for the Inquiry, \ Lafthy, 
ones being able to view it but with ove eye at once, they will appear no 
{mall o/ffruéf ions, nor are they eafily remouv d without many contrivan- 
ces. But. to proceed, I could not find that water, or fome deeply tize d 
liquors would in fmall ones rife fo high as one would expect; and: the 
higheft Y have found it yet rife in any .of the pipes I have try’d, was: to 
21 izches above the level of the water in the veflel: for though T found 
that in the {mall pipes it would zzzzbIy enter at firft, and run about 6 or 
7 inches upwards; yet I found it then to. move upwards fo flow; thatol 
have not yet had the patience to obferve it above that height of 21 iz- 
ches (and. that was in a pretty /arge Pipe, in comparifon of thofed for- 
merly mentioned; for I:could obferve the progre/s of a very deep. ting dl 
liquor in it with my waked eye, without much trouble; whereas many of 
the other pipes were fo very fzral/, that unlefs in a convenient poftureto the 

light, I could not perceive them :) But ‘tis very probable, that a greater 
patience and affiduity may difcover the liquors torzfe, at leaft to.remain 

fipcnded, at heights that I fhould be loath now. evento ghefs at, if at 

leaft there be any proportion kept between the height of the afcending 

liquor, and the bigne/s of the holes of the pipes. 


An Attempt for the Explication of this Experiment. 


| My Conjecture, That tbe unequal height of the furfaces of the water, . so 
| proceeded. from the greater preffure made upon the water by the Air Fig. 1. ^ 
mit bout the Pipes A B C, then by that within them; Y (hall endeavour to 
confirm from the truth of the two following Propofitions : 
The firft of which is, That az unequal prefure of the incumbent Air, 
mill canfe am unequal height in the water's Surfaces. 
And the fecond is, That ix this experiment there is fuch an unequal 
prefjure. 
That the firftis true; the following Experiment will evince.\ For if 
|. you take any Veflel fo contrived, as that you can at pleafure either i#- 
À — ereafe ox diminifh the prefure of the Air upon this or that part of the Sx- 
perficies of the mater, the equality of the height of thofe parts will pre« 
_ fently be lof and that part of the Superficies chat fuftains the greater prof 
), fure, will bezgferior to that which undergoes the Jes, A fit Veffel for 
7 this purpofe, will bean inverted Glafs Syphon, fuüch an one as. i$ defcri- 
bed in the S7xth Figure. For if into it you put Water enough to fill itas 
high as.4B, and gently blow in at D, youthall depre/s the Superficies:B, 
and thereby raifethe oppofite Superficies 4 to a confiderable beight,. and 
f by gently juckizg you may produce clean contrary cítects. ‘ 
Next, That there is fuch an wmequal.prefure, I íhall prove from this, 
That there is amuch greater incongruity of Air to Glafs and fome other Bodies, 


tbez there is of Water to the fame. 
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; By Congruity, I mean a property of 4 fluid. Body, whereby any part of it 
is readily united with any other part, either of it felf, or of any other Simi- 
lar finie, ov folid body : And by Incongruity 4 property of a fluid, by which 
it is hindred from uniting with any diffimilar, fiuid,or folid Body. 
This laft property, any one that hath been obfervingly converfant 
about fluid Bodies, cannot be ignorant of, For (not now to mention 
feveral Chymical Spirits and Oyls, which will very hardly, if at all, be 
brought to #7zx with one another 5 infomuch that there may be found 
fome 8 or 9, or more, feveral diftin& Liquors, which fmizzing one u 
on another, will not prefently mix) we need feek no further for Vit 
ples of this kind in fixids, then to obferve the drops of raiz falling through 
the air, and the bubbles of air which are by any means conveyed We 
the furface of the waters or a drop of common Sallet Oy! {wimming u on 
water. In all which, and many more examples of this kind hac ht 
be enumerated, the izcongraity of two fluids is cafily difcernable And 
as for the Congruity ox Incongruity of Liquids, with feveral kinds of frm 
Bodies, they have long fince been taken notice of, and called by th 
Names of Drizefi and Moifiure (though thefe two names are not ia n 
henfive enough, being commonly ufed to fignifie only the adhetita 
not adhering of water to fome other folid Bodies of this kind wem À b- 
ferve that water will more readily wet [ome woods then others 5 d da 
water, let fall upon.a Feather, the. whiter fide of a Colwort . oA m 
other leaves, Or upon almoftany dujty, untluous, or refinou yr n ne s 
will not at all adbereto them, but eafily tumble off gomrdhém like a c id 
Bowl; whereas, if dropt upon Linnen, Paper, Clay, green Wood, & 35 OR 
not be taken off, without leaving fome part ofit behind adberin Se 
» — which will very bardly be brought to fich to KM 
se * 9» will readily adbere to, and mingle with, feveral clean vietata 
And that we may the better finde wha Mar 
Incongruity in bodies is, it will be requifite ae : d and 
caufe of finidne(s 5, And this, Z cozceive, to be nothing 5 M 
pulfe or [bake ot beat s for Heat bei thi ing clic un 
p epieti 5 at being nothing elíe buta very briskand 
ement agitation of the parts of abody (as [have elíwhe : id oH 
bable) the parts of a body are thereby made {0 /oofe Panne Mee 
that they eafily move any way, and become fluid. Th i bes 
this alittle by a grofs Similitude, let us fuppofe judibus A 
fome body that is very much agitated and thaken " h X ana NM 
frrong vibrating motion,asona Milftone turn'd rou bs me 
very violently whilftit is emptysor on a ver (Sf Drm the under ftone © 
hemently or very nimbly beaten with dis Druitifrick vider ux 
the farid in the difh, which before lay like ada/and di D a 
comes a perfect ffvid and ye can no fooner hak hol tive body, bes 
finger, but it is immediately fled up again, : dt dens 
leveld. -.. Nor can you bury ali bt bod deir the appct (ortact E 
cos cobankipa peo ios p ¥ i ee of Cork underit, but — | 
heavier onthe top of it, asa piece of Lead but i s 1 wwe 
> mmediately buried 
in 
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in Sand, and (as 'twere) finks tothe bottom. Nor can you make 
in the fide of the Difh, but the {and fhall raw oxt:of it " a level, — 
obvious property of a fluid body, as fuch, but this dos imitate 5 and all 
this meerly eaufed by the vehement agitation of the conteining veffel 3 
for by this means, each fand becomes to have a wibrative or dancing mos 
tion, fo asno other heavier bady can ref? On it, unlefs fiftsiwad by fome 
other ón either fide: Nor willit fuffer any Body to be beneath it, unlefs 
it be a be«dier then it {elf. Another Inftance of the ftrange loofening 
nature of a violent jarring Motion, or a ftrongand nimble vibrative 
one, we may have from a piece of ;roz grated on very ftrongly witha 
file : for if into that a pin be ferem’d fo firmand hard, ‘that though it has 
a convenient head toit, yet itcanby no means be unferew'd by the fins 
gers3 if, Hay, you attempt to unfcrew this whilft grated oz by the file, it 
will be found to undoe and turn very ef The firft of thefe Examples 
manifefls, how a body actually divided into fmall parts, becomes a fiwid, 
And the. latter manifefts by what means the agitation of heat fo cafily 
loofens and waties the patts of folid and firx bodies... Nor need we fup- 
pole heat to be any thing clíe, befidestuch a motion ; for fuppofing we 
could Asechanicakly produce füch a one quick and frome enough, we need 
not {pend fiel to melt a body. Now, that I do not fpeak this altogether 
groundlefs, I muft refer the Reader tothe Obfervations I have made up- 
on the fhining {parks of Steel, for there he fhall find that the fame effects 
are produced upon fmall chips or parcels of Steel by the flame, and by 4 
quick, and violent motion; and if the body of flee! may bethus meltéd 
(as I there fhew it may) I think we have little reafon to doubt that alk 
moít azy other may not alfo. Every Smith can inform one how quickly 
both his File and the Irez grows hot with fílzg, and if you rub almoft 
any two hard bodiestogether, they will do the fame: And we know, 
that a fufficient degree of heat caufes ffuidity, in fome bodies much foon- 
er, and in otherslater; that is, the partsof the body of fome are fo /aofó 
from one another, and fo zzapt to cobere, and fo minute and [jttlej: that a 
very /mall degree of agitation keeps them always in the ffate of fluidity. 
Of this kind, I fuppofe, the Zther, that is the medinw or fluid body; in 
which all other bodies do asit were fwim and move; and particularly, 
the Air, which feems nothing elfe but a kind of tzz&fwre or folution of ter: 
reftrial and aqueous particles dzfjolu d into it, and agitated by it, juft as 
the tzzéf/ure of Cocheneelis nothing but fome finer diffoluble parts of that 
Concrete lick d up or diffalu'd by the fluid water. And from this Notion 
of it, we may eafily give amore Intelligible reafon how the Air becomes 
fo capable of Rarefattiun and Condenfation, For, as in tinétures,one grain 
of fome /rrougly tinging fub{tance may fenfibly colour fome hundred thon- 
fand grains of appropriated Liquors,foas every drop of it hasitspreportio- 
nate fhare, and be fenfibly ting'd, as I have try'd both with Logwood 
and Cocheneel : And as fome few grains of Salt is able to infect as 
great aquantity,as may be found by precipitations, though not fo eafily 
by the fa or éaffe 5 fo the 4r. whichfeems to be but as twere a tiz'ure 
or faline fubjtance, difole'd.and agitated by the fluid and agil drin E 
perfe 
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f erfe:and expand it {elf into a vaft fpace, if it have room enough, and 
infect,as it were,every part of that fpace. But,as on the other fide,if there 
be but fome few grains of the liquor, it may 2xtratd all the colour of the 
tinging fubítance , and may difflve all the Salt, and thereby become 
much more impregnated with thofe fubftances, fo may 4// the air that fuf- 
ficed ina varify d. [late to fill fome hundred thonfand {paces of Ather, be 
compris d in only owe,but ina pofition proportionable denfe. And though 
we have not yet found out fuch firazners for Tinctures and Salts as we 
have for the Air, being yet unable to féparate them from their diffolving 
liquors by any kind of fltre, without precipitation, as We are able to fe- 
parate the Air from the Zther by Glafs, and feveral other bodies. And 
though we are yet unableand ignorant of the ways of precipitating Air 
out of the ZEther as we can "Tinétures, and Salts out of feveral diffolventss 
yet neither of thefe feeming impolfible from the nature of the things nor 
Ío improbable but that fome happy future induftry may find out Ways to 
effect them; nay, further, fince we find that Nature does really perform 
(though by what means we are not certain) both thefe actions namel 
by precipitating the Air in Rain and Dews, and by fupplying the ceteien 
and Rivers of the World with frefh water, frain'd through fecret fub- 
terraneous Caverns: And fince, that in very many other proprieties the 
do fo exa&ly feem of the fame nature 5 till farther obfervation 2 
tryalsdo inform us of the contrary, we may fafely enough conclude nen of 
the famekind. For it feldom happens that any two natures have fo s 
ny properties coincident or the fame, as I have obferv'd Solution REC 
Air to have, and to be different in the reft, And therefore Tthink nei: 
ther impoffible, irrational, nay nor difficult to be able to predic ii i 
likely to happen in other particulars alfo, befidesthofe which ob/e nd 
.or Experiment have declared thus or thus; efpecially, if th cH 
flances that do often very much conduce to the variation of the off “fs be 
duly weigh d and confider d. And indeed, were there not a es nen y 
this, our jegquiries would be ezdlefs, our iryals vain, and gae v d 
ventions would be nothing but the meer produtfs of chance ge E 
Rea[on s. and, like Mariners in an Ocean, deftitute both of a Her d 
the fight of the Celeflialguids, we might indeed by chance, S e EH and 
towards our defired Port, but 'tis 4 thoufand to ps but we s: "9 euni 
Miei cct mon ae ce alfo give a plain reafon, how be Air. ood 
arkned by clouds, &c. which are n i i tatit. 
e and an Pri precipitations fall ciae cu LE 
very eafily, an I think truly, deduce the cauf f th i 
lar figures of Snow, and the a peatances of ys c oun 
thichzing of the Sky with Clouds nib pen €—M fudden — 
thofe Clouds again;, for all thefe eb a : eom pA Re ‘a 
Ne pane igincipased perd sey rally i 
and may fomewhere elfe aot angels em E onum eiat a; 
Been down. “i to proceed, there are other foodies to conet 
particles more Grof;, and of a more apt figure for cobefi LE 
uiresa dic gure for cobefioz, and this re- 
q fomewhat greater agitation ;.fuch, I fuppofe v. fermented vinous 
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Spirits, Ícveral Chymical Oils, which are much of kin to thofe Spirits, &c, 
Others yet require a greater, as mater, and fo others much greater, for al- 
moftinfinite degrees: For, I fuppofe there are very few bodies in tlie 
world that may not be made aliquatenus fluid, by fome or. other degree of 
agitation or heat. 
, Having thereforein fhort fet down my Notion of aFluid body, Icome 
in the next place to confider what Cozerzity iss and this, as I faid before, 
being à Relative property of a fluid, whereby it may be faid-to be ike or 
unlike to this or that other body, whereby it does or does notmix with 
this or that body. . We will againhave recourfe to our former Experi- 
ment, though but a rude ones and here if we mix in the dith/éveral kinds 
of fands, fome of bigger, others of /ef; and finer bulks, we fhall.find that 
by the agitation the five fand will eje&f and throw out of it felf all thofe 
bigger bulks of {mall ftoves and the like, and thofe will be gathered toge- 
ther all into owe place 5. and if there be other bodies in it of other natures; 
thofe alío will be féparated into a place by themfelves, and united or tuzz- 
bled up together. And though this do not come up to the highef? proper- 
ty of Congruity, whichis a Cohafion of the parts of the fluid together, or 
a kind of attratfion and tenacity, yet this does as "twere shadow it out, 
and fomewhat refemble it; for juft after the fame manner, I fuppofe 
the pulfe of heat to agitate the {mall parcels of matter, and thofe that are 
of a like bignefs, and figure, and. matter, will bold, or dance together, and 
thofe which are of a differing kind will be thruft or fhou'd out frombe- 
tween them; for pee that are all fwilar, will, like fo many equal 
mufical firings equally ftretcht, vibrate together in a kind of Harmony or 
umfon s whereas others that are diffimilar, upon what account foever,un- 
lefs the difproportion be otherwife counter-ballane’d, will, like fo many 
firings out of tune to thofe unifons, though they have the fame agitating 
pulfe, yet make quite differing kinds of vibrations and repercuffions, fo that 
though they may be both mov d,yet are their wbrations fo different, and 
fo untun d, as twereto each other, that they creff and jar againft each 
other, and coníequently, cazzot agree together, but fly back from each 
other to their fimilar particles. Now, to give you an inftance how the 
difpropertion of {ome bodiesin one refpect, may be couater-ballanc’d by 
a contrary difproportion of the fame body inanother refpe&, whence we 
find that the fubtil vous [parit is congruons, or does readily mix with wa- 
ter, whichin many propertiesis of a very differing mature, we may. con 
fider that a zifoz may be made either by two ffrings of the fame bignefs; 
length, and tenfton, or by two ftrings of the fame bigzeft, but of differing 
length, and a contrary differing tenfton s Ox 3ly. by two ftrings of wzequal 
length and bigne/s, and of a differing tenfion, or of equal length, and age 
ring bigne(s and tenfion, and teveral other fuch varieties. To which three 
properties in firings, will correfpond three proprieties alfo in fand, or the 
particles of bodies, their Z4atter or Subflazce, their Figure or Shape, and 
their Body or Bulk, And from the varieties of thefe three, may arife ;z- 
finite varieties in fluid bodies, though all agitated by the /ame pulfe or vi- 
brative motion. And there may be asmany ways of making is. 
an 
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and Difcords with thefe, as there may be with mufical firings Having 
therefore feen what is the caufe of Congruity or Incongrulty, thofe rela- 
tive properties of fluids, we may, from what has been faid, very eafily 
colle&t, what isthe reafon of thofe Relative proprieties alfo between flz- 
id bodies and folid 5 for (ince all bodies confift of particles of fuch a Sub- 
ance, Figure, and Bulk; but infome they are united together more firm- 
Jy then to be loofened from each other by every eibrative motion (though 
I imagine that there is 1o body in the world, but that fome degree of a- 
$gitation may, asThinted before, agitate and loofen the particles fo as to 
fnake themrtluid) thofe cobering particles may oibrate 1n the fame man- 
ner almoftias thofe that are Joofe and become w#ifons or difeords, asl 
máy fo fpeak, to them. Now that the parts of all bodies, though never 
fo folid, do yet vibrate, I think we need go no fnrther for proof, then 
that al/ bodies have fome degrees of beat in them, and that there has not 
been yet found any thing perfectly cold: Nor can believe indeed that there 
is any füch thing in Nature, as a body whofe particles are at rest, or lazy 
and unaéhive in the great Theatre of the World, it being quite contrary to 
the grand Oeconomy of the Univerfe. We fee therefore what is the rea- 
fon of the fympathy or uniting of fome bodies together, and of the azti- 
pathy or flight of others from each other : For Covgruity feems nothing 
elfe but a Sympathy, and Incongruity an Antipathy of bodies; hence fimi- 
lar bodiesonce wzited will not eafily part, and diffimelar bodies once dif 
joyn'd will not cafily unite again; from hence may be very eafily deducd 
the reafon of the /u/penfiow of mater and Quick-sfilver above their ufual ffa- 
tion, as1 {hall moreat large anon fhew. 
-. Thefe properties therefore (alwayes the concomitants of fluid bodies) 
produce thefe following vifible Effeds : 

. Firft, They weite the parts of a fluid to its fimilar Solid, or keep them. 
feparate from its diffimilar. Hence Quick-filver will (as we noted before) 
fiick to-Gold, Silver, Tin, Lead,&c. and uzife with them : but rou! off from 
Wood, Stone, Glafs, &c. if never fo little fcituated out of its horizontal le 
vel; and water that will wet falt and diffolve it, will Jup off from Tallow, 
or the like, without:at all adhering; as it may likewife be obferved to 
do upon a dufly fuperficies. And next they caufe the parts of homogene- 
al fluid bodies readily to adhere together and mix, and of heterogeneal,to 
be-extceeding averfethereunto. Hence we find, that fo {mall drops of 
water, onany fuperficies they can roul on, will, ifthey chance to touch 
cach other, readily unite and mix into one 3° drop : The like may be ob- 
ferved with two {mall Bowls of Quicksilver upon a Table or Glafs, pro- 
vided their furfaces be not dufty5 and with two drops of 0y/ upon fait 
water,C. And further, mater put unto mine, falt water, vinegar, fpirit 
of wine, or the like, does immediately (efpecially if they be fhaken to- 
Em difperfe it felf all over them. Hence, on the contrary, we alfo 

, that Oyl of Tartar poured upon Quick-filver, and Spirit of Wine on 
that Oy/, and Oy! of Turpentine on that Spirit, and Air upon that Oy/,though 
they be ftopt clofely up into a Bottle, and shaken never fo much, they 
will byno means long fuffer any of their bigger parts to be wnited or in- 


cluded 
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cluded within any of the other Liquors( by whicli recited Liquors,may-be 
plainly enough reprefented:the four Peripatetical Elesibhts, and the more 
fabtil Arherabove all.) From this property tis;that a drop of water doeg 

not mingle with; or vanith into 457, but is driven (by that Fluid équally 
protruding it on every fide) and forc't into as little a {pace as iticun poí- 
fibly be contained. in, namely; into a: Rowwd Globule, :/So likewikea lita 
tle 4ir blownunder the water, is uzited or thruft into à Buble by the 
ambient water, ' And a parccl cf Quick-filoer enclofed with Air; Water 
or almoftany other Lzqwor, is forzzed into a yound Ball, SU 
«Now the caufe why all thefe included Fluids; newly rtientioned cor 4 
many others as áré wholly included withinva heterogeneous fluid; are 
not exaé#ly of a Spherical Figure: ({eeing that if caufed by thefe Principles 
only, it could be of no otlier) ruft. proceed from! fomeorher kitdof 
prefure againít the two oppofite flatted fides. ^ This adventitious or anew 
dental prefure may proceed: from divers caus, and accordingly mut di 
verffiethe Figure of the included heterogeneous fluid :: For feeing that a 
body may be included either with a fluidonly, or only with a fold; or 
partly with a fluid, and partly with a folid, or partly with one fluid; and 
partly with another; there will be foutid a'very great variety of the ter: 
d furfaces, much differing from a Spherical, according to the vari: 
yr refiltance or preflure that belongs to each of thefe enconipafling bo- 
ies, | XE 
Which Properties may in general be deduced from two heads, .4zej 
Motion,and Rest. For, either this Globular Figure is altered by d matus 
ral Motion, lach asis Gravity ; or a violent, füch asisany accidental wblion 
of the fluids, aswefee in the wind ruffling upthe water,and the purlines 
of Streams, and foaming of Catarrat s, and. the like. Or thirdly, By the 
Reft, Firmnefs-and Stability of the ambient Solid. Porif the including 
Solid be of an angular or any other zrreeular Form, the included add will 
be near of the /zke,as a Pint-Por full of water,or a Bladder full of Air. And 
next, if the including or included fluid havea greater gravity one'than 
another,then will the globular Form be depreft into an EZzptzco-fpberical s 
Asif, for example, we fuppofethe Circle 47 C D,in the fourth Fiere, 
to reprefenta Zrop of water, Quick-filver, or the like, included with the 
ir or the like; which fuppoling there were no gravity at allineither of 
the fluids, or that the contained and containing were of the fame weight, 
would be equally comprest into anexadtly fpberical body: ( the ambient 
fluid forcing equally again{t every fide of it.) But fuppofing: either a 
greater gravity in the included, by reafon whereof the parts of ic being 
pref? from 4 towards £, and thereby the whole put into motion , and 
that motion being hindred by the refftance of the fubjacent parts of the 
ambient, the globular Figure A D. B C will be depref? intothe Ellsptico- 
foberical, EG F H. Forthe fide 4 is detrudedtoE bythe Gravity, and 
V3 to F by the reftance of the fubjacent medium: anditherefore € muft 
- neceflarily be thruft to G;and D to H. Or elfe, fuppofing a greater gravi- 
ty inthe ambient, by whofe more then ordinary prefure againft the under 
fide of the included globule ; will be forced to F, and by its reffiance 
E the 
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the motion spwards, the fide 4 will be depreft to E, and therefore € being 
thruft to G and D to H; the globular Figure by this means alfo willbe 
made an Elliptico-[pherical. Next if a fluid be included partly with one, 
and partly with another fluid, it will be found tobe fhaped diverfly , ace 
éording to the proportion of the gravity and incongrasty of the 3 fluids 
one to another : As in the fecond Figure; let the upper 74 4444 be Air,the 
middle L 74 N O be common 05], the lower 0 O O. beWater, the Oyl 
willbe form'd, not into a fpberical Figure , füch as is reprefented by the 
pricked Line, but into fuchaFigureas LM N O, whofe fide LMN 
will be of a flatter Elliptical Figure, by reafon of the great difproportion 
between the Gravity of 0yl and Air, and thefide L O M. of a rounder, 
becaufe of the fmaller difference between the weight of Oy/ and Water. 
Laftly, The g/obular Figure will be changed,if the ambient be partly fluid 
and partly folid. And here the termination of the incompafled find to- 
wards the incompaffing is fhap d according to the proportion of the con- 
ruity or incongruity of the fiuids to the folids , and of the gravity and 
incongruity of the fixids one to another. Asfuppofe the fabjacent zze: 
dium that hinders an included fluids defcent,be a folid , as let K I, in the 
fourth Figure, reprefent the fmooth fuperficies of a Tables E.G F H;a 
parcel of running Mercury 5 the fide G F H will bemore flatted , ac- 
cording tothe proportion of the incongruity of the Aercury and Air to 
the Wood,and of the gravity of Mercury and Air one to another 5 The fide 
G E H will likewife be a littlemore depreft by reafon the fubjacent 
parts are now at reft,which were before in motion. 
Or further in the third Figare, let A 1L D. reprefent an including fo» 
lid: medium of a cylindrical fhape Cas fuppofe a {mall G/afs jar ) Let 
EGE MM reprelent a contain d fluid, as water s this towards the bot- 
tom and fides, is figured according to the concavity of the Glafs : But its 
upper Surface, ( which by reafon of its gravity, ( not confidering at all 
the Air above it, and fo neither the congruity or incongruity of either of 
them tothe Glafs) fhould be terminated by part of a Sphere whofe dia- 
meter fhould be the fame with that of the earth, which to our fenfe would 
appear a ftraight Live, as F G E, Or which by reafon of its having a 
greater congruity to Glafs than Air has, ( not confidering its. Gravity ) 
would be thruft into a concave Sphere, as C H B, whofe diameter would 
be the fame with that of the concavity of the Veflel : ) Its upper Surface 
I fay, by reafon of its having agreater gravity then the Air, and havin 
likewife a ee congruity to Glafsthen the Air has, is terminated byt 
concave Elliptico-fpherical Figure, as C K B. Forby its congruity it eafil 
conforms itfel£, and adheres to the Glafs, and conftitutes as it were i 
containing body with it, and therefore fhould thruft the contained Air on 
that fide it touches it,into a /pherical Figure, asB H C, but the motion of 
Gravity depreffing a little the Corners B and C, reducesit into the afore- 
faid Figure C K B. Now that it isthe greater congruity of one of the" 
tWo contiguous fuwids,then of the other,to the containing folzd,that caufes P 
the feparating furfacesto be thus or thusfigured: And thatitis not be- 


caufe this or that figurated furface is more proper, natural, or peculiar to 
one 
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one of thefe fluid bodies,then to the other,will appear ftom this that the 
fame fixids will by being put into differing folids , change their /arfaces. 
For the fame water , which ina Glaf$.ór wooden Vefiel will have a con 
cave furface upwards,and will rife higher ina fmaller then a gteater Pipe 
the fame water, I fay, in the fame Pipes préafed dyer or oyled, will pro- 
duce quite contrary effects; for it will have a profuberant andiconvex fur- 
face upwards, and will not rife fo high in fmall,as in bigger Pipes’: Nay, 
in the very fame folid Veflel , you may make the very fame two.contigu- 
ous Liquids to alter their Surfaces ; for. taking a fmiall Wine-glafsjor fuch 
like Veflel, and pouring water gently into it, you fhall perceive the fur- 
face of the water all the way concave, till itrife even with the top, when 
you fhall find it (if you gently and carefully pour in more ) to grow 
very protuberant and convex 5 the reafon of. which is plain, for that the 
folid fides of the containing body aré no longer extended , to which the 
water does morereadily adhere then the air; but it is henceforth tobe 
included with air, which would reduce it into a bezzifpbere, but by reafon 
of its gravity, itisflatted intoan Oval. Quicksilver alfo which to Glaft 
is more incongruous then Air ( and thereby being put into a Gla/s-pipe, 
will not adhere to it, but by the more comernons air will be forced: cohave 
a vety protuberant furface, and to rife higher ina greater thea lefier 
Pipe ) this guieksilverto clean Metal, efpecially to. Gold, Silver,Tiu) Lead, 
&c. Iron excepted,is more congrnons chen Air , and will not only {tick to 
it,but have a concave Surface like water, and rife higher ita lef, then ina 
greater Pipe. bai 

© In all théfe Examples it is evident , that there isan extraordimuty and 
udventitions force, by whichthe globular Figure of the contained Aetero- 
geneous fluids altered 5. neither canit beimagined, how it fhould other- 
wife be of any other Figure then Globular : Forbeing by the beteragene- 
ous fluid equally protruded every way jwhatfoever part is protuberant, will 
be thereby: depreff. Front this caufe it is, that in its efiectsie does very 
much refemble a round Spring (fuch asa Hoop.) For as in a round spring 
there is required an additional prefure againít two: oppofite fides , to re« 
duce it into an Qval Form ; or to forcéitin between the fides of Hole, 
whole Diameter is lefs then'that of the Spring, there mult be a confidera- 
ble force or protrufiox againft'the comeade or inner fide of the Spring 3 So 
toalter this fperzcal contüituticn of an included fhiid body ; there is re- 
quired more preflure againtt oppofite fides to reduce it inito an Oval; ands 
to prefs it into zn Hole lelsim Diameter thenát felf, it requiresa greater pro- 
trujiox againft all the otlierfides, What degrees of force are requifite 
to reduce them into longer and longer,Ovls, orto prefs thet) mito lefs 
and Jefs hofes, E have not: yet experimentally calculated. ; ‘but chus fittüich 
by experiment 1 find in general, thatthereis alwayes required: a greater 
pxeflure to clofe them into longer: Ovals; or protude theri into fctaller 


- beles. The neceflity and reatonof this, were it reduiüitejL could eafily ex- 


plain: but being not foneceflary, and requiring; amore room and time 
then have for.it at prefent ; | fhalbhere omit 3c5:and- proceed to fhew, 
that thismay he prefcncly found true if Experiment bé made witha 
ad E 2 
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E " e . " * h. ) An d 
round Spring ( the way of making which trials is obviows enough. 
with dit ea ones Jd Mercury, Air, Oc, the way of Meis va 
be fomewhat more difficult 5 and therefore I fhall in brief : ne A. it. He 
therefore that would try with 4r ; mutt firft be provided e : z pipe, 
made of the fhape of that in the fifth Figure , whereof the : e A B, 

efents a ftraight Tube of about three foot long, C, reprelents € 

art of it,which confifts of a round Bubble s fo ordered,that there : eft a 
paffage or hole at thetop, into which may be faftened with cement leveral 
fenall Pipes of determinate cylindrical cavities : as let the hollow of 
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There may be added as many more, as the Experimenter ‘fhall think fit, 
with holes continually decreafing by known quantities, fo far as his fenfes 
are able to help him 5 I fay, fofar, becaufe there may be made Pipes {fo 
fmall'that it will be impoflible to perceive the perforation with ones na- 
ked eye,though by the help of a Aicrofcope, it may eafily enough be per- 
ceived: Nay, I have made a Pipe perforated from end to end, fo fmall, 
that with my naked eye 1 could very hardly fee the body of it, infomuch 
that I have been ableto knit it up into a knot without breaking : And 
more accurately examining one with my Microfcope, 1 found it not fo big 
as a fixteenth part of one of the fmaller hairs of my head which was of 
the {maller and finer fort of hair, fo that fixteen of thefe Pipes bound fag- 
got-wife together, would but have equalized one fingle hair how {mall 
therefore mutt its perforation be? It appearing to me through the Aéicro- 
feopeto bea proportionably thick-fided Pipe. 

To proceed then, for the trial of the Experiment, the Experimenter 
muft place the Tube A B, perpendicular, and fill the Pipe F ( cemented in- 
to thehole E ) with water, but leave the bxbble C full of 4ir, and then 
gently pouring in water into the Pipe A B, he muft obferve diligently 
how high the water will rifein it before it protrude the bubble of Air C, 
through the narrow pafiage of F, and denote exa&ly the height of the 
Cylinder of water , then cementing in a fecond Pipe asG, and filling it 
with water; he may proceed as with the former, denoting likewife the 
height of the Cylinder of water, able to protrude the bubble'C through 
the paflage of G, the like may he do with the next Pipe,and the next, c. 
as far ashe isable: then comparing the feveral heights of the Cylinders, 
with the feveral holes through which each Cylinder did force the air.(ha- 
ving due regard tothe Cylinders of water in the {mall Tues ) it will be 
very eafie to determine, what force is requifite to prefs the 4r in- 
to fuch and fuch « ole, or (to apply it to our prefent ‘experiment ) 


how 
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how much of the preffüre of the .47r i5 taken off by its ingrefsinto fimal- 
ler and. fimaller holes. From the application of which to theentring of 
the 4ir into the bigger hole of the Vefel, and into the fmaller hole of the 
Pipe, we fhall clearly find, that there isa greater preflure of the air upon 
the water inthe Vejel or greater pipe, then there is upon that in the lefler 
pipe: For fincethe preflure of the air every way is found to be equal, 
that is, as much asis able to prefs up and fuftain a Cylinder of Quicksilver 
of two foot and ahalf high, or thereabouts; And fince of this preflure 
fo many more degrees are required to force the 4r into a fmaller then 
into a greater hole that is full of a more congruousfluid. And laftly, 
fince thofe degrees that are requifite to prefs it in; arethereby taken off 
from the Air within, and the Ar within left with fo many degrees of 
preffure lefsthen the A7r without 5 it will follow, that the 47rin the lef 
Tube or pipe , will have lefs preflure againít the fuperficies of thé water 


_ therein, then the 4r in the bigger: which wasthe minor Propofition to 


be proved. 

The Conclufion therefore will neceflarily follow, oz. That this une- 
qual preffure of the Air caufed by its ingreff into unequal holes, is a caufe Juffi- 
cient to produce this effect , without the help of any other concurrent, and 
therefcre is probably the principal (if not the only) caufe of thefe Pbeze- 
mena. 

This therefore being thus explained , there willbe divers Phenomena 
explicable thereby, as, the rifing of Liquors in a Faire, the rifing of spirit 
of Wine, Oyl, melted Tallow, Oc. inthe Week of a Lamp, ( though made 
of {mall Wire, Threeds of Asleftws, Strings of Glafs, or the like?) the rifing 
of Liquorsin a Spunge, piece of Bread Sand, ec. perhaps alfo the afcend- 
ing of the Sapin Trees and P/azts, through their {mall, and fome of them 
imperceptible pores, (of which Ihave faid more, onanother occafion ) at 
leaft the pafling of it out of the earth intotheir roots. And indeed up- 
on the confideration of this Principle, multitudes of other ufes of it oc- 
curr d tome, which I have not yet fo well examined and digefted as to 
propound for Axioms, but only as Queries and Cozjedures which may 
ferve as hints toward fome further difcoveries. 

_ Asfirft, Upon the«confideration of the congruity and incongruity of Bo- 
dies,as to touch, Í found alfo the like congruity and incongruity Cif [may 
fo fpeak ) as to the Tran/mitting of the Razes of Light: For as in thisre- 
gard.mater ( not now to mention other Liquors) feems nearer of affini- 
ty to Glas then Air,and, dir then Quicksilver : whence an oblique Ray out 
of Glajs, will pafs into water with very little refraction from the perpendi- 
exlar, but none out of G/afs into 4r, excepting a direc, will pat without 
a very great refraction from the perpendicular, nay any oblique Ray un- 
der thirty. degrees; will not be admitted into the Airat all, And Quick- 
filver will neither admit oblique or direct, but reflects all 5. feeming, as to 
the tranfmitting of the Raies of Light, to be of a quite differing confti- 
tution.from that of 4zr.JVater,Glafs, Oc. and to refemble moft thofe opa- 
cousand ftrong reflecting bodies of Metals: $o alfo asto the property of 
cohefion or congruity, Water feems to keep the fame order, being 
more 
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more congruous to Glafs then Air, and Air then Quickfilver. 

A Second thing. (which was hinted to me, by the confideration of the 
included fluids globular form , caufed by the protrufion of the ambient 
heterogeneous fluid ) was, whether the Phenomena of gravity might not 
by this means be explained,by fuppofing the Globe of Earth, Water, and 
Air to be included with a fluid, heterogeneous to all and eachof them, 
fo fabtil , as not only to be every where interfperfed through the 4ir; Cor * 
rather the air throughit ) but to pervade the bodies of G/af? , and even 
the clofeff Aetals, by which means it may endeavour to detrude all earth- 
ly bodies as far from itas it can 5 and partly thereby,and partly by other 
of its properties may move them towardsthe Center of the Earth. Now 
that there is fome fuch fluid,I could produce many Experiments and Rea- 
fons, that do feem to proveit: But becaufe it would ask fome time and 
room to fet them down and explainthem, and to confider and anfwer all 
the Objections ( many whereof I forefee ) that may be alledged againft - 
it; I fhall at prefent proceed to other Queries,contenting my felf to have 
here only given a hint of what I may fay more elfwhere. 

A Third Query then was , Whether the beterogeneity of the ambient 
flid may not be accounted a fecondary caufe o£ the roundnefs or globular 
“form of the greater bodies of the world,fuch as are thofe of the Su,Stars, 
and Planets, the fibftance of each of which feems altogether heterogene- 
ous to the circum-ambient ftuid ether? And of thisl fhall fay more inthe 
Obfervation of the Moon. 

A Fourth was, Whether the globular form of the faller parcels of 
matter here upon the Earth, as that of Fruits, Pebbles, or Flizts , ec. 
C which feemto have been a Liquor at firft ) may not be caufed by thé 
heterogeneous ambient fixid. For thus we fee that melted Glas willbe 
naturally formed into a round Figure; fo likewife any {mall Parcel of any 

fifible body , if it be perfectly enclofed by the 4r , will be driveninto a 
globular Form 3 and when cold, will be found a /olid Ball. This is plainly 
enough manifefted tous: by their way of making fhot with the drops of 
Lead 5. which being a very pretty curiofity and known but to a very few 
and having the liberty of publifhing it granted me, by that Eminent Viri 
tuofo Six Robert Moray , who brought in this Account of it to the Royal So- 
ciety, Thave here tranícribed and inferted. 


To. make fmall fhot of different füzes ; Communicated by his 
Highnefs P, R. | 


a Ake Lead out of tbe Pig what quantity you pleafe, melt it down, 
UM für and clear it mith an iron Ladle gathering together tha 
blackifh parts that [mim ab top like feum, and when you fee tbe co- 
lour of the clear Lead to be greenifh but no ooner,, firew upon it Auri- 

pigmentum 
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pigmentum powdered according 1o tbe quantity of Lead, about ds 
much as will lye upon a half Crown piece will ferve for eighteen or 
twenty pound weight of fome forts of Ledd ;\ others will require: mote, or 
lef... After the Auripigmentum is put in, flir-the Lead well, and the 
Auripigmentum will flame : ‘when the flame. is over, take out forie 
of the Lead in a, Ladle having a lip or notch in the brim for conveni- 
ent pouring out of the Lead,and being. well marmed amongft the melted 
Lead , and with a flick.make fome fingle drops of Lead trickle\out of 
the Ladle into water.in a Glafs , which if they fall to. be round and 
without tails, there is Auripigmentum enough put in, and the temper 
of the beat is right, otherwife putin more. - Then lay two bars of Iron 
( or fome more proper Iron-102l made on- purpofe ) - upon a Pail of wax 
ter,and place upon them around Plate of Copper, of the fizeand figure 
of an ordinary large Pewter or Silver Trencher, the bollow whereof is to 
be about three inches over the bottom lower then the brims about half 
an inch, pierced with thirty, forty, or more mall holes; the fmaller the 
holes are, the fmaller the fhot will be; and the brimis to be thicker then 
ihe bottom,to.conferve the beat the better. VS 
The bottom of the Trencher being fome four inches diftant frum the 
water in the Pail,Jay upon it ome burning Coles,to, keep the Lead melt- 
ed upon it... Thenwith the hot Ladle take Lead off the Pot where it 
flands melted, and pour it foftly upon the burning Coles over the botiom 
of the Trencher, and.it willimmediately run through the holes into the 
water in final round drops. Thus pour on new Lead fiill as faft as 
it runs through the Trencher till all be done ; blowing now and then 
the Coles with harid-Bellows, when tbe Lead in the Trencher cools fo. as 
to flop from running. | : 
Whilft one pours on the Lead, another muft, with another Ladle, 

tbrufled four or five inches under water inthe Pail, catch from time 
to time fone of the [hot,asit drops down, to fee the fize of it, and whether 
there be any faultsin it. The greateft care i to keep the Lead upon 
the Trencher in the right degree of beat ; if it be too cool , it will not 
zun through the Trencher, though it fland melted upon it ; and this is p 
e 
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be helped Dy blowing the Coals a little 5 -or pouring on new Lead that ia 
hotterss but the cooler the Lead tbe larger the Shot; and the botterthe 
fimaller ;: when it is 100 hot, the drops willcrach: and fly s thin jou 
qmift- flop. pouring on new Lead,and let it col and [olore 45 you Op 
ferve the right temper of the heat;the Lead will conftantly drop trito very 
found Sbot, without o much as ont with atail in many pounds * 
* — When alisidonestake your Sbot out of the Pailof water, and put it 
ina: Fxyjing-pan over the fire to dry them , which. muft be done warily, 
Will fhaking them that they inelt not 3 arid when they are dry ‘you may 
feparate the fmall ‘from the great in Pearl Sives made of Copper or 
Littin Tet into one another, into:as many - [vxes as you pleafe.” But if 
you would have your Shot larger then the Trencher makes them , you 
may do-it: with a Stick, making themtrickle out of the Ladle, as bath 
been faid. os 

Jf the Trencher ‘be but toucht a oery little when the Lead ftops from 
going through it, and be not too cool,jt will drop again , biit it às better 
not totouch it at all. \ At the melting of the Lead take care that there 
be no kind of Oyl, Greafe, or the like, upon the Pots, or Ladles,or Tren- 
The Chief caufe of this Globular Figure of the Shot, feems to be the 
Auripigmentum 5. for, as. foon asit is put in among the melted Lead, 
it lofes its. fbining brigbtnefs , contratting inftantly a grayifb. filmor 
skin upon it when you {cum it tomakeit clean with the Ladle. So 
that whenthe: Air comes-at the fallinz drop of the melted Lead, \ that 
skin conftritis them every where equally » but upon what account; and 
mbeibér this be the true caufe, is left to further difquifition, 


Much after this (ame manners whemthe Airis exceeding cold through 
which it pafles, do we find the drops of Rain, falling from the.Clouds 
congealed into round. Hail-ftonesby the freezing Ambient. : 

To which may be added this other known Experiment, That i£ you 
gently let fall a drop of ater upon {mall fazd or duf?, you fhall find, asit 
Were, an artificial round flore quickly generated. T cannot upon this oc- 
eafion omit the mentioning of the ftrange kind of Grain , which I have 
obferved ina /7ozc brought from Ketferingin Northamptonfhire,and there- 
fore called by Mafons Keterizg-Stoze , of which fee the Defcription. 
: Whicb 
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Which briiigs into my mind what I long fince obferved in the fiery Sparks 
that are ftruck out of a Steel. For having a great defire to fee what Was 
left behind, after the Spark was gone out, I purpofely firuck fire over a 
very white piece of Paper, and obferving diligently where fonie confpis 
cuous {parks went out , 1 found a’ very little black {pot no bigger then 
the point of a Pin, which through a Azrerofcopé appeared to be a perfed. 
ly round Ball, looking much like a polifht ball of Steel, infomuch thar 
I was able to fee the Image of the window reflected from it. I cannot 
here {tay ( having doneit more fully: in another place) to examine the 
particular Reafons of it, but {ball only hint, that I imagine it tobe fome 
{mall parcel of the Steel, which by the violence of the motion of the 
ftroke ( moft of which feemsto be impreft upon thofe {mall parcels ) jg 
made fo glowing hot, that it is melted into a Vitrum, which by the ambi- 
ent Air is thruft into the form of a Ball. 


A Fifth thing which I thought worth Examination was, Whether the 
motion of all kind of Springs, might not be reduced to the Principle 
whereby the included heterogeneous fluid {eems to be moved ;, or to that 
whereby two Solids, as Marbles, or the like, are thruft and kept together 
by the ambient fluid. 


A Sixth thing was, Whether the R ifing. and Ebullition of the Water out 
of Springs and Fountains ( which lie much higher from the Center of the 
Earth then the Superficies of the Sea, from whence it feenis to be derived) 
may not be explicated by the rifing of, Water ima fmaller Pipes For the 
Sea-water being ftrained through the Pores or Crannies of the Earth, is, 
as it were, included in little Pipes, where the preflure of the Air has not 
fo great a power to refift its rifing ; But examining this way, and finding 
in itfeveral difficulties almoft irremov able , I thought upon a way that 
would much more naturally and conceivably explain it, which was by 
this following Experiment: I took a Glafs-Tube, of the form. of that 
defcribed in the fixth Figure, and chufing two heterogeneous fluids, fach 
as Water and Oyl, I poured in as much Water as filled up the Pipes as 
high as A B, then putting in fome Oyl into the Tube AC, I depreft the 
 fuperficies A of the Water to E, and BI raifed to G, which wasnot fo 
high perpendicularly asthe fuperficies of the Oyl F, by the fpace F Ij 
wherefore the proportion of the gravity of thefe two. Liquors was as 
GH toF E. 


This Experiment I tried with feveral other Liquors, and particularly 
with frefh Water and Salt ( which I made by diflolving Salt in warm 
Water ) which two though they are nothing heterogeneous, yetbefore 
they would perfectly mix one with another, I made trial of the-Experi- 
ment: Nay, letting the Tube wherein I tried the Experiment remain for 
many dayes, I obferved them not to mix 5 but the fuperficies of the freflr 
was rather more then lefs elevated above that of the Salt. > Now the 
proportion of the gravity of Sea-water, to that of River-water,'accord- 
ing to Stevinus and Varenius, and. as 1 havefince- found pretty crue by 
making trial my íclf, isas46.to 45. thatis, 46. Ounces of thefalt Was 

F ter 
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Or reciprocally 


ater to be near 13 t0 32: 

Suppofing therefore fent the Sea, and F I the height of 
the Mountain above ea, F Ma Cavern 1p the 
Earth, beginning at the bottom o d terminated at the top of 
the Mountain, L M the Sand at the bottom , through which the Water 
1s as it were {trained , fo as that the frefher parts are only permitted to 
tranfude,and the faline kept back 5 if therefore the proportion of GM 
to F Mbeas45 to46, then may the Cylinder of Salt-water G M make 
the Cylinder of Frefh-water to rife as high as E, and torun overat N, 
I cannot here ftand to examine or confute their Opinion , who make the 
depth of the Sea, below its Superficies , to be no more perpendicularly 
meafured then the height of the Mountains above it: "Tis enough for 
me to fay, there is no one of thofe that have aflerted it, have experimen- 
tally known the perpendicular of either; nor {hall I here determine,whe- 
ther there may not be many other caufes of the feparation of the frefh 
water from the falt , as perhaps fome parts of the Earth through which it 
is to pafs, may contain a Salt, that mixing and uniting with the Sea-falt, 
may precipitate it; much after the {ame manner as the Alkalizate and 
Acid Salts mix and precipitate each other in the preparation of Tarta- 
vum Vitriolatum. 1 know not alfo whether the exceeding cold (that 
muft neceflarily be ) at the bottom of the Water, may not help towards 
this feparation , for we find , that warm Water is able to diflolve and 
contain more Salt , then the fame cold; infomuch that Brines ftrongly 
impregnated by heat, if let cool, do fuffer much of their Salt to fubfide 
and cryftallize about the bottom and fides. I know not alfo whether 
. the exceeding preffüre of the parts of the Water one againft another, 
may not keep the Sale from defcending to the very bottom, as finding 
little or no rcom to infert it felf between thofe parts , protruded fo vio- 
lently together , or elfe fqueeze it upwads into the fuperiour partsof the 
Sea, where it may more eafily obtain room for it fel£, amongft the parts 
of the Water , by reafon that there is more heat and lefs preflure. To 
this Opinion Iwas fomewhat the more induced by the relationsI have. 
met with in Geographical Writers, of drawing frefh Water from the bot- 
tom of theSea:, which is faltabove. I cannot now ftand to examine, 
whether this natural perpetual motion may not artificially be imitated ; 
Nor can I ftand to anfwer the Objections which may be made againtt this 
my Suppofition : As, Firft, How it comes to pafs,that there are fometimes 
falt Springs much higher then the Superficies of the Water? And, Se .— 
condly, Why Springs do not run fafter and flower, according to the vary- 7 
ing height made of tlie Cylinder of Sea-water, by the ebbing and flow- 
ing of the Sea ? 

As to the Firft, Infhort, I fay, the frefh Water may receive again a 
ee near = naa of the Earth, by paffing through 
omefalt Agnes, or elfe many of the faline parts of the Sea mia 
back, though not all. : 3 rh 


And 
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And as to. the Second , The fame Spring may be fed and fupplyéd by 
divers Caverzs, coming from very far diftant parts of the Sea, fo asthat 
it may inone place be igh, in another Jom water, and fo by that means 
the spring may be equally fupply d atall times. Or elfe the Caverz may 
be fo ftraight and narrow, that the water not having fo ready and free 
aflage through it, cannot upon fo fhort and quick mutations of preflure 
ie able to. produce any fenfible effe& at fuch a. diftance, Befides that. 
to confirm this Zyporbe[is, there are many Examples found in Natural Hiflo- 
rians,of Springs that do ebb and flow like the Sea :. As particularly,thofe 
recorded by the Learned Camden, and after him by speed, to be found in 
this Z/f/and : One of which,they relate to be on the Top of a Mountain, 
by the fmall Village Kz/ez in Flintfhire.. Maris emulus qui flatis tempo- 
ribus [uas euomit G reforbet Aquas 5; Which at certain. times rifeth and 
falleth after the manner of the Sea. A Second in Caermardenfhire, 
near Caermarden, ata place called Cantred Bichan 5 Qui ( wt feribit. Gi- 
raldus ) naturali die bis undis deficiens, v toties exuberans , marinas 
imitatur inflabilitates 5 That twicein four and twenty hours ebbing and 
flowing , refembleth the unftable motions of the Sea... The Phenomena 
of which two may be eafily made out, by fuppofing the Ceverz, by which 
they are fed , to arife from the bottom of the nextSea. A Third, isa 
Well upon the River Ogmore in Glamorganfhire, and near unto Newton, of 
which Cazzdez relates himfelf to be certified,by a Letter from a Learned 
Friend of his that obferved it, Fors abeft bine, ee. The Letterisa little 
too long to be inferted,but the fubftance isthis ; That this Well ebbs and 
flows quite contrary to the flowing and ebbing of the Sea inthofe parts z 
for 'tisalmoft empty at Full Sea, but fullat Low water. ‘This may hap- 
pen from the Channel by which itis fupplied , which may come from the 
bottom of a Sea very remote from thofe parts , and where the Tides are 
much differing from thofe. of the approximate fhores. |. A Fourth, liesin 
Wejlmorland, ncar the River Leder 5. Qui inflar Euripi faepius in die reci- 
procantibus undis fluit & reffuit , which ebbs and flows many times a day, 
This may proceed from its being fapplyed from many Channels, coming 
from feveral parts of the Sea, lying füfficiently diftant afunder to have the 
times of High-water differing enough one from the other 5 fo as that 
whenfoever it fhall be High water over any of thofe places, where thefe 
Channels begin, it fhall likewife be foin the Well . but this is but a fuppo- 
fition. 
A Seventh Query was, Whether the diffolntion or mixing of feveral bo« 
dies, whether fluid or folid,with faline or other Liquors;might not partly 
be attributed to this Principle of the congruity of thofe bodies and their 
diffolvents? As of Salt in Water,Metals in feveral Atenftrunms, Unctuous 
Gums in Oyls, the mixing of Wine and Water, €?«. And whether preci- 
pitation be not. partly made from the fame Principle of Incongruity ? I 
fay partly, becauíe there are in fome Diffolutions,fome other Caufes con- 
current, i 2r 
. Tfhall laftly make a much more feemingly ftrange and unlikely Query 5 
and thatis, Whether this Principle, well examined and explained, may 
Fa not 
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not be found a co-efficient in the molt confiderable Operations of Na- 
ture? Asinthofe end Light,and confequently.of Rar efattion and 
Condenfation, Hardnefs, and Fluidne/s, Perfpicuity and Opaconfie|s ,Refradii- 
ons and Colours, Gc. Nay,] know not whether there may be many ue 
done in Nature,in which this may not ( be faid to +) havea pei ? This 
{have in fome other paflages of this Treatife further enquired into and 
fhewn, that as well Light as Heat may be caufed by corrofion,which 1s ap- 
plicable to congruity,and confequently all the reft will be but Jubfequents: 
Inthe mean time I would not willingly be guilty of that Error;which the 
thrice Noble and Learned Verulam ep takes notice of, as fuch;and calls 
Philofophie Genws Empiricum , quod in paucorum Experimentorum Angufliis 
c Obfeuritate fundatum eft. For [neither conclude from one fingle Expe- 
riment,nor are the Experiments T make ufe of,all made upon one Subje& : 
Nor wreft Iany Experiment to make it quadrare with any preconceiv'd 
Notion. But onthe contrary, I endeavour to be converfant in divers 
kindsof Experiments, and all and every one of thofe Trials, T makethe 
Standards or Touchftones, by which Itry all my former Notions, whether 
they hold out in weight, and meafiire,and touch, &c. Foras that Body is 
no other then a Counterfeit Gold , which wants any one of the Proprie- 
ties of Gold, ( fuch asarethe Malleablenefs, Weight, Colour, Fixtnefs 
in the Fire;Indiffolublenefs in Aqua fortis,and the like ) though'it has all 
the other; fo willall thofe Notions be found tobe falfe and deceitful, 
that will not undergo all the Trials and Tefts made of them by Experi- 
ments, And therefore fuch as will not come up tothe defired Apex of 
Perfection, Irather wholly reje& and take new, thenby piecing and - 
patching,endeavour to retain the old;as knowing fuch things at beft to be 
but lame and imperfect. ' And this courfe T learned from Nature; whom 
we find neglectful of the old Body, and fuffering its Decaies and Infirmi- 
tiesto remain without repair , and altogether follicitous and. careful of 
perpetuating the species by new Individuals. And it is certainly the moft 
likely way to ere&t a glorious Structure and Temple to Nature, fuch as fhe 
willbe found ( by any zealous Vetary ) torefide ins to begin to builda 
new upon a fure Foundation of Experiments. 

But to digrefs no further from the confideration of the Phenomena, 
more immediately explicable by this Experiment, we fhall proceed to 
fhew, That, asto the rifing of Water ina Fr/tre, the reafon of it will be 
manifeft to him,that does take notice,that a Fi/tre is conftituted ofa great 
number of {mall long folid bodies , which lie fo clofetogether, that the 
Airinits getting in betweenthem’, doth lofé of its preflure that it has a- 

ainft the F/vid without them, by which means the Water or Liquor not 
ding fo {trong a refiftance between them as is able to counter-ballance 
the preflure on its fuperficies without, is raifed upward, till it meet with a 
prefture of the Air which is able to hinder it. And as to the Rifing of 
Oyl; melted Tallow, Spirit of Wine, ec. inthe Week of a Candle or 
Lamp, it is evident, that it differs in nothing from the former, faye only 
in this; that ina Filtre the Liquor defcends and runs aw by another 


a 
parts and in the Week the Liquor is difperfed and Bittiédawáy by the 


Flame ; 
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Flarie 5 fomething there is afcribable to the Heat » forthat itmay rarifie 
the more volatil and fpirituous parts of thofe combuftible Liquors, and fo 
being made lighter thenthe Air, it may be protruded upwards bi thát 
more ponderous fluid body in the Form of Vapourss but this cán bé 
afcribed to the afcenfion of but a very little,and moft likely of that ons 
ly which áfcends without the Week. As fot the Rifing of it in a Spunge 
Bread,Cottón.e?c. above the fuperficies of the fubjacent Liquor ; what 
has been faid about the Filtre ( if confidered ) will eafily fügbeft 4 
reafon , confidering that all thefe bodies abound with finall holes of 
pores. Á 

From this fame Principle alfo ( viz. the uneqial prefere of thé Ai? a- 
Sainft theunequal fuperficies of the water ) proceeds the caule of thé ac: 
¢eflion or incurfion of any floating body againft the fides of the con: 
taining Veflel, or the appropizquatios of two floating bodies, "as Bubbles, 
Corks, Sticks, Straws, Oc. one towards another.’ As for inftance, Take 
a Glafs-jar, fach as A B in the feventh Figure, and filling it pretty near the 
top with water , throw into it a fmall round piece of Cork , as C, and 
plunge it all over in water, thatitbe wet , foas that the water may rife 
up by the fides of it,then placing it any where upon the fuperficies, about 
an inch,or one inch and a quarter from any fide, and you fhall perceive it 
by degrees to make perpesdicnlarly toward the neareft part of the fide, 
and the nearer it approaches , the fafter to be moved ; the reafón of 
which Phenomenon will be found no other then this, that the Air has 4 
greater preflure againft the middle of the /aperficies, then it has agamit 
thofe parts that approach nearer, and are contignows to the fides, Now 
that the prefiureis greater, may ( aslfhewed before in the explication 
ofthe third ‘Figure ) be evinced from the flatting of the water in the 
middle, which arifes from the gravity of the under fivid: for fitice, asT 


_ fhewed betore,if there were no gtavity in the under fluid,or that it were 


equal to that of the upper , the terminating Surface would be spherical, 
and fince it isthe additional preffüre of the gravity of water that makes 
it fo flat.it follows, that the prefture upon the middle mutt be greater ther 
towards the fides. Hence the Ball having a ftronger preffure againft that 
fide of it^ which refpects the middle of the faperficies , then againft that 
which refpects the approximate fide ; muft neceflarily move towards that 
part, from whence it finds leaft refiftance, and fo be accelerated, a8 the re- 
fiftance decreafes. Hence the more the water is raifed under that part 
of its way itis paffing above the middle, the fafter it is moved : And 
therefore you will find it to‘move fafter m E thetfin'D, and in D then 
inC. Neither could I find the floating fübftance to be moved at all, unt 
tilit were placed upon fome part of the swperficies that was fenlibly ele- 
vated abovethe height of the middle part. Now that this may be the 
true caufe, you may try with a blown Bladder, and’ar'exattly round Ball 


. upon a very ímooth fide of fome pliable body , as Horn or Quicksilver. 


For if. the Ball be placed under a part of the Bladder which is upon one 
fide of the middle of its preflüre , and you prefs ftrongly againft the 
Bladder,yow fhall find the Ball moved from the middle towards “ fides: 

aving 
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Having therefore thewn the reafon of the motion of any float towards 


the fides, the reafonof the incurfion of any two floating bodies will eafi- 
ly appear: For the rifing of the water againft the fides of either of 
them.isan Argument fufficient,to fhew the preflure of the Airto be there 
lefs.then it is further from it,where it is not fo much elevated ; and there- 
fore the reafon of the motion of the other toward it will be the fame as 
towards the fide of the Glafs 5. only here from the fame reafon, they are 
mutually moved toward each other ,; whereas the fide of the Glafs inthe 
former remains fixt. If alfo you gently fill the Jar fo full with water, 
that the water isprotuberant above the fides, the fame piece of Cork that 
before did haften towards the fides, does now fly from it as faft towards 
the middle of the Superfic £ which.will. be. found no o- 
ther then this, that the pre ainft the fides of 

d H, then again as 1 fhewed 

e of congruit 
Spherical , an 
siirepent of the waters 
of its gravity ; itfollows t 
on the fides; and therefore the.con 
former. tis very odd toonet 
sof wood to appr 
al vigour 5 
formerly tried witha p f Cork or 
ed, that by putting a litt 
Cork would approac 
would-difcede and fly away;nay 
that if the Zquator (as I may 
wards the ftick, if let alone, it wou 
toward it,and then run a-tilt at it:and t 
Cork, and wetting one 
gently putting it upon t 
ry fide of it that was dry ; 
being near thofe fides,cau 
any other floating body, 
afcended, was thereby able to attract. 
, It remains only, that I fhould determine how high the Water or other 
Liquor may by this means be raifed in a fmaller Pipe above the Superfi- 
cies of that without it and at what height it may. befuftained: But to 
determine this, willbe exceeding difficult, unlefs I could certainly know 
how much of the Airs preflure is taken off by the: fmalne(s of fuch and 
fuch a Pipe,and whether it may be wholly taken ofthat is, whether there 
can be a hole or pore fo fmall , into, which Air could not atall enter 
though water might with its whole forces for were there fuch,, "ris mani- 
feft, that the water might rife in it tofome five or fix and thirty Englifh 
Foot high. 1 know not whether the capillary Pipes inthe bodies of {mall 
Eva... dm we call their Aéicrofcopical pores, may not be fuch ; and whe- 
therthe congruity of the fides of the Pore may not yet draw the. juyce 
even 
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even higher then the Air was able by its bare preffüre to raife its) For 
Congruity Isa principle that not only unites and holds a body joyned tid 
it, but, which ismore, attracts and drawsa body that is very near it, and 
holds it above its ufual height. : 
And this is obvious even in a drop of. water fufpended under any Si: 
tmilar or Congruous body : For,befides the ambient preflure that helps to 
keep it fuftein d, there isthe Congruity of the bodies that ate contigu- 
ous. This is yet more evident in Tenacious and Glutinous bodies; fuch 
as Gummous Liquors, Syrups, Pitch, and Rofinimelted, gc: Tar, Ture 
pentine, Balfom, Bird-lime,¢*c. for there it is evident, that the Parts 
of the tenacious body, as I may fo call it, do ftick and adhere fo clofe« 
ly together, that though drawn out into long and very flender Cylin- 
ders, yet they will not eafily relinquifh one another; andthis, though 
the bodies be aliquatenns fluid, and in motion by one anothers which; 
to fuch as confider a fluid body only asits parts are in a confufed irregu- 
lar motion, without taking in alfo the congruity of the parts one among 
another, and incongruity to fome other bodies, does appear not alittle 
ftrange. So that befides the incongruity of the ambient fluid to it, we 
are to confider alfo the congruity of the parts of the contein'd fluid one 
with another. 
And this tar (that I may here a little further explain it ) is both 
a Tenaceous and an Attractive powers for the Congruity, in the Vi- 
brative motions,may be the caufe of all kind of attraction, not only Ele- 
trical, but Magnetical alfo, and therefore it may be alfo of Tenacity 
and Glutinoufnefs. For, from a perfect congruity of the motions of two 
diftant bodies, the intermediate fluid particles are feparated and dro- 
ven away from between them, and thereby thofe congruous bodies are, 
by the incompafling mediums, cornpell'd and forced neerer together 5 
wherefore that attractivenefs muft needs be ftronger, when, by anim- 
mediate contac, they are forc'd to be exactly the fame: As I fhew more. 
at large in my Theory of the Magnet. And this hints to me the reafon of 
the fufpenfion of the ZZercury many inches, nay many feet, above the ufu- 
al ftation of 30 inches. For the parts of Quick-filver, being fo very 
fimilar and congruous to each other, if once united, will not eafily fuffer 
a divulfion: And the parts of water, that were any wayes heterogeneous, 
being by exantlation or rarefaction exhaufted, the remaining parts bein 
alfo very fimilar, will not eafily part neither. And the parts of the Gla 
being folid, are more difficultly disjoyn'd 5 and the water, being fomes 
what fimilar to both, is, as it were, a medium to unite both the Gi4fs and 
the Mercury together. So that allthree being united, and not very dif 
fimilar, by means of this contact, if carebe taken that the Tube ine- 
recting be not fhogged, the Quicksilver will remain fufpended, notwith- 
ftanding its contrary indeavour of Gravity , a great height above its or- 
dinary Station; but if this immediate Cohta& be removed, either by a 
meer feparation of them one from another by the force of a hog, where- 
by theother becomes imbodied between them, and licks up from the 
fürface fome agil parts, and fo hurling them makes them air 5 or elfe 


by 
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by fome fmall heterogeneous agil part of the Water, Or s ad uick- 
filver, which appears like a bubble, and by its jumbling to er: ro there is 
made way for the heterogeneous ZEther to obtrude it felf between the 
Glafs and either of the other Fluids, the Gravity of Mercury precipitates 
it downward with very great violence ; and if the Veflel that holds the 
reftagnating Mercury be convenient, the Azercury will for a time vibrate to 
and fro with very large reciprocatzons, and at laft will remain kept upby 
the preflure of the external Air at the height of neer thirty inches. And 
whereas it may be objected, that it cannot be, that the meer imbodying 
of the Zther between thefe bodies can be the caufe,fince the ther ha- 
vinga free: paffage alwayes , both through the Pores of the Glafs, and 
through thofe of the Fluids, thereisno reafon why it fhould not makea 
feparation at all times whilft it remains fufpended, as when it is violently 
dif-joyned by a fhog. 'Tothis I anfwer , That though the ther pafles 
between the Particles, that is, through the Pores cf bodies, fo as that any 
chafme or feparation being made , it has infinite paflages to admit its en- 
try into it, yet fuchis the tenacity or attractive virtue of Congruity, that 
till it be overcome by the meer ftrength of Gravity, or by a fhog aflifting 
that Conatus of Gravity, or by anagil Particle, that is like a leaver agi 
tated by the £tber 5 and thereby the parts of the congruous fubftances 
are feparated fo far afunder , thatthe ftrength of congruity 15 fo far wea- 
kened,asnot to be able to reunite them, the parts to be taken hold of be- 
ing removed out of the attractive Sphere, as I may fo {peak, of the con- 
gruity; fuch, Lay; isthe tenacity of congruity, that it retains and holds 
the almoft contiguous Particles of the F luid , and fufters them not to be 
{eparated, till by meer force that attractive or retentive faculty be over* 
come: But the feparation being once made beyond the Sphere of the 
attractive activity of congruity , that virtue becomes of no effect at all, 
but the Azercury freely falls downwards till it meet witha refiftance from 
the preflure of. the ambient Air, able to refift its gravity, and keep it for- 
ced up inthe Pipe tothe height of about thirty inches. 

Thus have I gently raifed a Steel pendulum by a Loadftone to a great 
Angle,till by the fhaking of my hand I have chanced to make a feparae 
tion between them, which is no fooner made, butas if the Loadftone had 
retained no attractive virtue, the Pezdulum moves freely fromit towards 
the other fide. So yatta difference isthere between the attractive vir- 
tue of the 7dagzet when it acts upon a contiguous and upona disjoyned 
body: and much more muft there be between the attractive virtues of 
congruity upon a contiguous and disjoyned bedy sand in truth the attra- 
étive virtue 1s fo little upon a body disjoyned, that though I have with a 
Microfeope obferved very diligently, whether there were any extraordi- 
nary protuberance on the fide of adrop of water that was exceeding neer 
to the end of a green ftick, but did not touch it; I could not perceive the 
deaít; though I found , that as foon.as ever it toucht it the whole drop 
would prefently unite it felf with it; fo that itfeems an abíolute con: 


tat isrequifite to the exercifing of the tenacious faculty of congruity. 
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Obferv. VII. Of fome Phenomena of Glafs drops. 


m Hefe Glaf? Drops are fmall [parcels of coarfe green Glafs taken out of 
the Pots that contain the Aztal ( asthey callit ) in fufion, upon the 
end of anIron Pipe 5 and being exceeding hot, and thereby of a kind’of 
flugeifh fluid Confiftence, are fuffered to drop from thence into a Bucket 
of cold Water, and in it to lye till they be grown fenfibly cold. 

Some of thefe I broke in the open air, by fnapping off a little of the 
fmall ftem with my fingers, others by crufhing it witha fmall pair of Ply- 
ers; which I had no fooner done, thenthe whole bulk of the drop flew 
violently, with a very brisk noife, into multitudes of {mall pieces, fome of 
which were as {mall as:duft; though in fome there were remaining pieces 
pes large;without any flaw at alljand others very much flaw'd, which 

y rubbing between ones fingers was eafily reduced to duíts theíe di: 
fperfed every way fo violently , that fome of them pierced my skin. 1 
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could not find,either with my naked Eye,or a ZZicrofeope, that any of the © 


broken pieces were of a regular figure;nor any one likeanother , but for 
the moft part thofe that flaw'd off in large pieces were prettily bran- 
ched. ! 
The ends of others of thefe drops Pnipt off whilft all the bodies and 
ends of them lay buried under the water;which, like the former; fléw all 
to pieces with as brisk a noife, and as {trong a motion. 7154 
Others of thefe I tried to break, by grinding away the blunt end, and 
though I took afeemingly good one; and had ground away teer two 
thirds of the Ball, yet wouldit not fly to pieces, but now and then fome 
{mall rings of it would fnap and fly off, not withouta brisk noife and 
quick motionjleaving the Surface of the drop whence it flew very pretti- 
ly branched or creafed ; which was eafily difcoverable by the A&erofeope. 
Thisdrop;afterI had thus ground it, without at all impairing the remnant 
that was not ground away, I caufed to fly immediately all into fand upon 
the nipping off the very tip of its {lender end. 483 
(Another of thefe drops I began to grind away at the fmallet end ; but 
had not worn away on the ftone abovea quarter of aninch beforethe 
whole drop flew with a’ brisk crack into fand or fmallduft $ nor would 
it have heldfolong , had there not beena little flaw in the piece that I 
ground away, as] afterwards found. jk 21 
^ Severalothers of thefe drops I covered over with ‘a thin but yery tuff 
skin of Icthyocol/a, which being be tough and very tranfparent;was the 
moft convenient fubftance for- thefe tryals that I could: imagine;*having 
dipt,L fay, feveral of thefe drops in this tranfparent Glue whilft hot , and 
fuffering them to hang by a firing tied-about the end of them till they 
were cold, and the skin pretty tough 3! then wrapping’all the body tite 
G ' drop 
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drop (leaving out only the very tip ) infine fupple Kids-leather very 

clot s nipped off the all top, and found, as L expected, chat notwith- 

ftanding this skin of Glue, and the clofe wrapping up In Leather, upon 

the breaking of thé top, the drop gave a crack like the reft, and; gave my. 
hand a pretty brisk impulfe: but yet the skin and leather was fo ftrong as 
to keep the parts from flying out of their former pofture 5 and, the skin 
being tranfparent , I found that the drop retained exactly itsformer fi- 
gure and polifh, but was grown perfectly opacous and all overflaw d, all 
thofe flaws lying inthe manner of rings, from the bottom or blunt end, to 
the very top or {mall point. And by feveral examinations witha Aé@era- 
rope, of (everal thus broken, I found the flaws, both within the body of 
the drop, and on the outward furface, to lye much in this order. 

Let AB in the Figure X of the fourth Scheme repreient the drop cafed 
over with Zthyocolla.or Ipnglafs,and ( by being ordered asis before pres ' 
fcribed ) crazed or flawed into pieces, but by the skin or cafe kept inits _ 
former figure, and each of its flawed parts preferved exactly. inits dire 
pofture 5 the outward appearance of it fomewhat plainly to the naked 
eye, but much more confpicuous if viewed witha {mall fenfsappeared 
much after this fhape. That is, the blunt end B fora pretty breadth, 
namely , asfar astheRing C C C feemed irregularly flawed with divers 
clefts, which all feemed to tend towardsthe Center of itj; being, as Taf: 
terwards found , and fhall anon fhew in the defcription of the figure Y, 
the Bafis, as it were, of a Cone, whieh was terminated a little abovethe 
middle of the drop, all. the reft of the Surface from C.€ C to A was 
flawed with an infinite number of {mall and parallel Rings, which as they 
were for the moft part very round , fo were they very thick and clofe 

ther, but were not fo exactly flaw d. as to make a perfect Ring, but 

each circular part was by irregular cracks flawed likewife into multitudes 
of irregular flakes or tiles 5 and this order was obferved Jikewife the 
whole length of the neck, lo ow abto sent: [fere 
- Now.though I could not fo exactly cut this cerzcal Body tlirough the 
Axis, asis reprefented by the figure Y 5 yet by asatomizing, as it were; 
of feveral, and taking notice of divers particular circumftances; E was ine 
formed; that could I have artificially divided a flaw'd. drop through the 
Axis or Center, Líhould with a Micrefcope have found it.to appear much 
of thisform, where A fignifies the Apex, and B the blunt cni C C the 
Cone of the Bafis;. which is terminated at/Y the toporendof it, which 
fcems to be the very middle of. the blunt end; in which, not only the cov 
nical body of theBafis C C is terminated, but. ás.many of the parts of the 
drop as reach as high as DD. bigw E id 


;Andit feemed to be the head or begiüning of a Pith, asit were, Or a 
a part.of the body: which feemed more fpungy thenthe teft; and much 
more itregularly flawed, which from T afcended:by E E;:though lefs via 

le, into the imall neck towards A. The Grain, asit were; of allthe 

AWS;. Es v et — Surface A DC € D A; mwas:much the 

meas is reprefented by the black ftrokesthat meet inthe: middle D Ty 
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- Noristhis kind of Grain, asT may call it, peculiar to Glafs dropsthus 
quenched; for ( not to mention Coperas-ftones , and divers other Afar- 
chafites and Minerals , which I have often taken notice of to be in the 
very fame manner flaked or grained, with a kind of Pith in the middle ) 
[have obferved the {ame in all manner of caft Iron , efpecially the coar- 
fer fort, {uch as Stoves, and Furnaces, and Backs, and Pots are made of : 
For upon the breaking of any of thofe Subftances it is obvious. to ob- 
ferve, how from the out-fides towards the middle; there is:a kind of 
Radiation or Grain much refembling this of the Glafs-drop 5 but this 
Grainis moft confpicuous in Iron-bullets ; if they bebroken: the: fame 
Phenomena may be produced by caíting regulus of Antimony into 
a Bullet-mold, as alfo with Gifs of Antimony, or with almoft any füch 
kind of Vitrified fubflance , either caítinto a cold Mold or poured into 
Water. 

Others of thefe Drops I heat red hot in the fire,and then fuffered them 
tocool by degrees. And thefe I found to have quite loft all their falmi- 
nating or flying quality, asalfotheir hard; brittle and fpringy texture ; 
and to emerge of a much fofter temper, and much eafier to be broken or 
{napt with ones finger;but its ftrong and brittle quality was quite deftroy- 
ed, and it feemed much of the fame confiftence with other green Glafs 
well nealedin the Oven. 

The Figure and bignefs of thefe for the moft part. was the fame with 
that of the Figure Z5 that is,all the furface of them was very fmooth and 
politht,and for the moft part round , but very rugged or knobbed about 
D, andall the length of the ftem was here and there pitted or flatted. 
About D, which isat the upper part of the drop under that fide of the 
ftem which is concave, there ufually was made fome one or more little 
Hillocks or Prominences. | The drop it felf, before it be broken, appears 
very tranfparent, and towards the middle of it, to be very full of {mall 
Bubbles, of fome kind of aerial fubftance, which by the refraction of the 
outward furface appear much bigger then really they are; and this ma 
be in good part removed, by putting the drop under the furface of clear 
Water, for by that means moft part of the refraCtion of the convex Sur- 
face of the dropis deftroyed, and the bubbles will appear much {maller. 
And this, by the by, minds me of the appearing magnitude of the aper- 
ture of the7ris, or pupil of the eye, which though it appear, and be there- 
fore judged very large, is yet not above a quarter of the bignefs it ap+ 
pears of, by the /enticular retraction of the Corea. . 

The caufe of all which Phexomena Limagine to be no other then this, 
That the Parts of the Glafs being by the exceffive heat of the fire kept 
off and feparated one from another, and thereby put into a kind of flug- 
gith fluid confiftence , are fuffered to drop off with that heat or agitation 
remaining in them, into cold Water; by which means the outfides of the 

drop are prefently cool'd and eruffed , and are thereby made of a loofe 
texture,becaufe the parts of it have not time to fettle themfelves leifurely 
together , and fo to lie very clofe together: And the innermoft parts of 
the drop, retaining ftill much of their former heat and agitations, remain 
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of a loofe texture alfo,and,according asthe cold ftrikes inwards from the 
bottom and fides, are quenched, asit were, and made rigid inthat very 
pofture wherein the cold findsthem. For the parts of the eru/? being 
already hardened , will not faffer the partsto fhrink any more from the 
outward Surface inward 5 and though ;t fhrink a little by reafon of the 
{mall parcels of fome Aerial fübftances difperfed through the matter of 
the Glafs, yet that isnot neer fo much asit appears ( as I juft now hint- 
ed 5) nor if it were, would it be fufficient for to confolidate and condenfe 
"the body of Glafs into a tuff and. clofe texture, after it had been fo ex- 
ceflively rarified by the heat of the glafs-Furnace. 
But that there may be fuchan expanfion of the aerial fubftance con- 
gained in thofe little blebbs or bubbles inthe body of the drop, this fol- 
lowing Experiment will make more evident. 


Take a {mall Glafs-Cane about a foot long, feal up one end of it her- 
metically,then put in a very {mall bubble of Glafs, almoft of the fhape of - 
an Effence-viol with the open mouth towards the fealed end; then draw 
out the other end of the Pipe very fmall,and fill the whole Cylinder with 
water , then fet this Tube by the Fire till the Water begin to boyl , and 
the Air in thebubble be in good part rarified and driven out , thenby 
fucking atthe fmalling Pipe, more of the Air or vapoursin the bubble 
may be fuck’d out , fo that it may fink to the bottom; when it is funk to 
the bottom,in the flame of a Candle,or Lamp,nip up the flender Pipe and 
let it cool: whereupon it is obvious to obferve, firít, that the Water by 
degrees will fubfide and fhrink into much lefsroom: Next, that the Air 
or vapours in the Glafs will expand themfelves fo, as to buoy up the little 
Gla: Thirdly, that all about the infide of the Glafs-pipe there will ap- 
pear an infinite nutnber of {mall bubbles,which as the Water grows colder 


and colder will fwell bigger and bigger, and many of them buoy them- — | 


fclves up and break at the top. 

From this Difceding of the heat in Glafs drops,that is, by the quenching 
or cooling Irradiations propagated from the Surface upwards and in- 
wards,’ by the lines C T, CT, DT, D E, ce. the bubbles inthe drop 
have room to expand themfelves a little, and the parts of the Glafs con- 
traét themíelvess but this operation being too quick for the fluggifh parts 
of the Glafs, the contraction is performed very unequally and irregularly, 
and thereby the Particles of the Glafsare bent, fome one way, and fome 
another, yet foas that moft of them draw towards the Pith or middle 
TEEE, or rather from that outward: fo that they cannot extricate or 
unbend themfelves, till fome part of TEE E be brokenand loofened 
for all the parts about that are placed inthe manner of an Arch and ía 
till their hold at T EE E be loofened they cannot fly afünder; but up- 
hold, and fhelter, and fix each other much like the ftones ina Vault 
where each ftone does concurre to the ftability of the whole Fabrick, 
and no one {tone can be taken away but the whole Arch falls.And where- 
foever any of thofe radiating wedges D T D; ec. are removed, which 
are the component parts of this Arch,the whole Fabrick prefently fallsto 
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piecess for all the Springs of the feveral parts are fet at liberty, Which 
immediately extricate themfelves and fly afunder every way 5 cach part 
by its {pring contributing to the darting of it {elf and fome other contigu- 
ous part... But if this dropbe heat fo hotasthat the parts by degrees can 
unbend themfelves, and be fettled and annealed in that poíture , and be 
then fuffered gently tofübfide and cool; The parts by this nealing lo- 
fing their fpringinefs , conftitute a drop of à more foft but le(s brittle tex- 
ture,and the parts being not at all undet a flexure, though any part. of the 
middle or Pith T EE E be broken,yet will not the drop at all fly co pieces 
as before. 

This Conjecture of mine I fhall indeavour to make out by explain: 
ing own particular Aflertion with avalogous Experiments : The Aflertions 
are thefe. 


Firft, That the parts of the Glas, whilft in a fluid Confiftence and 
Mo are more rarified jor take up more room, then when hard and 
cold. 
A Secondly, That the parts of the drop do fuffer à. twofold contra- 

ion. bids 

Thirdly , That the dropping or quenching the glowing metal inthe 
Water makes it of a hard, {pringing, and rarified texture. . 

Fourthly, That there is a flexion or force remaining upon the parts 
of the Glafs thus quenched , from which they indeayour to extricate 
themfel ves: | 

Fifthly; That the Fabrick of the drop, that isable to hinder the parts 
from extricating themfelves, is 442/ogw^ to that of an Arch. 

Sixthly, That the fudden flying afander of the parts proceeds fromi 
their fpringinefs. 

Seventhly, Thata gradual heating and cooling does anneal or reduce 
the parts of Glafstoa texture that is more loofe, and eafilier tobe bros 
ken, but not fo brittle. 


That the firft of thefe is true may be gathered froni this, That Heat #% 

a property of a body arifing from the motion or agitation of its parts 5 and 
therefore whatever body is thereby toucht ien neceflarily receive fome 
part of that rriotion;whereby its parts will be fhaken and agitated, and fo 
y degrees free and extricate themfelves from one another , and éach 
part fo moved does by that motion exert a conatus of protruding and. dif 
lacing all che adjacent Particles. Thus Air included ina veflel, by be- 
ing heated will burft it to pieces. Thüs havel broke a Bladder held 
over the fire in my hand, with fuch a violence and noife , that ivalmoft 
made me deaf for the prefent,and much furpafled the noife of a Musket: 
The like have I done by throwing into the fire {mall glaís Bubbles her- 
metically fealed , witha little drop of Water included in them; «Thus 
Water alfo,or any other Liquor,included in a convenient veilel,by being 
warmed , manifeftly expandsit fel£ with a very great violence , fo asto 
break the (trongeft vefiel, if when heated it be narrowly imprifoned zw 
118 
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This is very manifeft by the fealed Thermometers, which I have, by feve+ 
ral tryals, at laft brought to a great certainty and tendernefs : for [have 
made fome with ftems above four foot long , in which the expanding Li- 
quor would fo far vary,asto be very neer the very top In the heat of Sum» 
mer, and prety neer the bottom at the coldeft time of the Winter. The 
Stems I ufe for them are very thick;ftraight,and even Pipes of Glafs,with 
a very fmall perforation , and both the head and body I have made on 
purpofe at the Gla&houfe, of the fame metal whereof the Pipes are 
drawn: thefe I can eafily in the flame ofa Lamp, urged with the blaft of 
a pair of Bellows, {eal and clofe together, fo asto remain very firm, clofe 
and even; by this means F joynon the body firftjand then fill both it and 
a part of the ftem, proportionate to the length of the ftem and the 
warmth of the feafon I fill it in, with the beft rectified spirit of Wine high 
ly ting’d with the lovely colour of Cocheneel, which I deepen the more 
by pouring fome drops of common spirit of Urine, which muft not be 
too well rectified, becaufe it will be apt to make the Liquor to curdle 
and {tick in the {mall perforation of the ftem. This Liquor I have upon 
tryal found the moft tender of any fpirituous Liquor,and thofé are much 
more fenfibly affe&ed with the variations of heat and cold then othermore 
flegmatick and ponderous Liquors, and as capable of receiving a deep 
tincture, and keeping it,as any Liquor whatfoever; and ( which makes 
it yet more acceptable ) is not fubje& to be frozen by any cold yet 
known. When I have thus filled it,i can very eafily in the foremention= 
ed flame of a Lamp feal and joyn on the head of it. [3 
Then, : Gonsigtatluaieing the ftem, I fix that for the beginning of my di- 
vifion where the furface of the liquor in the ftem remains when the 
ballis placed in common diftilled water, that is fo cold that it juft begins 
to freeze and fhoot into flakes; and that mark I fix at a convenient place 
of the. ftem, to makeit capable of exhibiting very many degrees of cold, 
below that which is requifite to freeze water: the reft of my divifions, 
both above and below this (which I mark with a [o] or nought ) I place 
according to the Degrees of Expantion, or Contrattion of the Liquor in 
roportion to the bulk it had when it indur'd the newly mention d frcez- 
ingcold..Andthis may be very eafily and accurately enough done by 
this following way Prepare a Cylindrical veflel of very thin plate Brafs 
or Silver, A B C D of thefigure Z5 the Diameter À B. of whofe. cavity 
let bé about two inches, and the depth B C thefames let each end be 
cover d with a flat and {mooth plate of the fame fubftance, clofely foder'd 
on, and in the midít of the upper cover make a pretty large hole EF, 
about the bignefs ofa fifth part of the Diameter of the other 5. into this 
faften very well with cement a ftraight and even Cylindrical pipe of Glafs, 
EF G H, the Diameter of whofe cavity let be exactly one tenth of the 
Diameter of the greater Cylinder. Let this pipe be mark'd at GH with 
a Diamant, fo thatG from E may be diftant juít two inches, or the fame 
height with that of the cavity of the greater Cylinder, then divide the 
length E G exactly into 10 parts, fo the capacity of the hollow of each 
of thefe divifions will be 2, part of the capacity of the greater Cylin- 
der. 
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der. This vefiel being thus prepared, the way of mar ing á 4 
ating the Thermometers may be very eafily ect rae ancigieda 
- Fill this Cylindrical vefiel with the fame liquor wherewith the Them 
mometers are fill. dy: then place bothit and the 25erzorseter you are td 
graduate, in water that is ready to be frozen, and bring the furface of the 
liquorinthe Thermometer. to the firlt matke or [os then fo proportion 
the liquor in the Cylindrical veflel; that the furfaceof it may juít be ac 
the lower end of the {mall elaís:Cylinders then very gently and gradu- 
ally warm the water in which both the Thermometer and this Cylindrical 
vetlel ftand; and as you perceive the ting d liquor to rife in both ftems; 
with the point of a Diamond give fevetal marks on the ftem of the Ther 
momeker-at. thofe places, which by comparing the expanfion in both 
Stems, are found to correfpond to the divifions of the cylindrical. veflel, 
and having by this means riarked fome few of thefe divifions on the 
Stem, it will be very eafie by thef to mark all the reft of the Stem; 
and accordingly to aflign to every divifiona proper character. 

A Thermometer , thus-marked and prepared, will be the fitteftIaftrus 
ment to make a Standard of heatand cold that can beimagined. For 
being fealed up, itis not at all fubje& to variation or wafting, nor is it lia- 
ble to be changed by the varying: preflüre of the Air, which all other 
ha of Thermometers that are open tothe Air are liable to. But ta pros 
ceed. : | j 

This property of Expanfion with Heat, and Contraétion with; Cold, is 
not peculiar to Liquors only, but to all kind of folid Bodies alfa, efpeci+ 
ally Metals, which will more manifeftly appear by this Experiment. 

Take the Barrel of a Stopcock of Brafs, and let the Key, which is well 
fitted to it,be riveted into it.fo that it may {lip,and be eafily turned round, 
then heat this Cock inthe fire, and you will find the Key fo fwollen, that 
you will not be able to turn it round ii the Barrel 5: but if it be fuffered 
to cool again, asfoon asit is cold it will be as movable, and as eafié to be 
turned as before. ; 1 
- This Quality is alfo-very obfervable in Lead, Tit, Silver, Antimony, 
Pitch,Rofit,Bees-wax, Butter and the likes all which,if after they be melted 
you fuffer gently to cool, you fhall find the parts of the upper Surface 
to fubfide and fall inwards. lofing that plumpnefs and fmoothnefs it had 
whilftin fufion. The like Ihave alfo obferved in the cooling of Glafs 

of Antimony, which does very neer approach the nature of Glafs, > «/ 

‘But becaiife thefe'are all Examples taken frost other materials then 
Glafsandargue only, that poflibly there may be the like property alfo in 

Glafs, not that really there is ; we (halt by three or four Experiments ine 
deavour to thanifeft that alfo, 
And theFirft is an Obfervation that is very obvious even in thefe very 
drops;ito witsthat they are all of them terminated with an unequal or ir» 
regular Surface , efpecially about the fmaller part of the drop, and the 
whole length of the ftem 5 as about D, and fromthenceto A, the whole 
Surface ,.. which would have been round if the drop had cool'd leifurely, 
is, by being quenched haítily,very irregularly flatted and pitted 5 “hee 
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ters unequally cooling and m 
from the (elf-contraéting or fubfi- 
. For the vehemency of the 

nd bubbles in the cold Wa- 


ter.that fome parts bear more forcibly againft one part then 
againft another , and confequently do more fuddenly cool thofe parts to 
which they are contiguous. : 5 
A Second Argument may be drawn from the Experiment of cutting 
Glafles with a hot Iron. For in that Experiment the top of the Iron 
heats, and thereby varifies the parts of the Glafs that lie juft before the 
crack, whence each of thofe agitated parts indeavouring to expand its 
(elf and get elbow-room, thrufts off all the reft of the contiguous parts, 
and confequently promotes the crack that was before begun.” ~~ 
A Third Argument may be drawn from the way of producing a crack 
ina found piece or plate of Glafs, whichis done two wayes, either Firft, 
by fuddenly heating a piece of Glafs in one place more then in another. 
And by this means Chymifts ufually: cut off the necks of Glafs-bodies, 
’ by two kinds of Inftruments , either by a glowing hot round Iron-Ring, 
which juftincompafles the placethatis tobe cut, or elfe by a Sulphur d 
TThreed,which is often wound about the place where the feparation isto 
be made,and then fired. Or Secondly;A Glafs may be cracked by cooling 
it faddenly in any place with Water, orthe like, after it has been all lei- 
furely and gradually heated very hot. | Both which Phenomena ícem ma- 
nifeftly to proceed from the expanjon and contraction of the parts of 
hich isalfo made more probable by this circumftance which 
, that a piece of common window-glafs being heated in 
faddenly with a live Coal or hot Iron,does ufually at the 
i hereas if the Plate has been gradually heated 
very hot, like be: put on the mid- 
€ of it; it only but does not break it afunder - immedi- 
ately. 
| "i Fourth Argument may be drawn from this Experiment $' Take a 
Glafs-pipe, and fit into sta folid ftick of Glafs, fo asit will but juft be mo- 
ved in its “Then by degreesheat them whilft they are one within ano- 
ther,and they will grow ftiffer, but when they areagain cold,they will be 
aseafie to be turned as before. This Expanfion of Glafs is more mani- 
feft in this Experiment. T 
Takea ftick of Glaf of a confiderable length,and fit it fo between the 
two ends or fcrews of à Lath,that it ma but juft eafil y turn,and that the 
very ends of it may be juft toucht and fufteined thereby 5: then applying 
the flame of the Candle to the middle of it, and heating it hot, you will 
prefently find the Glaf to ftick very fafton thofe points, and not without 
much difficulty to be convertible onthem, beforethat by removing the 
flame for a while from it, it be fuffered to cool, anden you will find it 
as eafie to be turned round as at the firft. 
_ Fromall which Experiments it is very evident, that all thofe. Bodies, 
nd particularly Glafs, faffers an Expanfion by Heat, and that a very con- 
fiderable 
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fiderable one,whilft they are in a {tate of Fufion. For FAidity;asl elfewhete 
mention, being xothing but an effed of a very firong and quick fhaking motion 
whereby the parts areas it wereloofened fromeach other,and confequently leave 
an iuterjaceut pace or vacnity s it follows, that all. thofe fhaken Particles muft 
neceflarily take up much more room then whien they were at reft, and lay 
quietly upon each other. « And this is further confirmed by a Pot of boyling 
Alabafter, which will manifeftly rife a fixth or eighth part higher in the Pot, 
whil{tit is boyling, then it will remain at, both befote and after it be boyl- 
ed.The reafon of whichodd Phenomenon ( to hintit here only-by the way) 
is this, that there isin the curious powder of Alabafter, and othericalcining 
Stones, a certain watery fübftance , which isfofixt and included with the 
folid Particles, that till the heat be very confiderable they will not fly away; 
but after the heat is incréafed tofuchadegree, they break ontievery way 
in vapours, and thereby fo fhake and loofen the {mall corpufles ofthe Pow- 


4i 


der from each other, that they become perfe&ly of the nature of a fluid bo- | 


dy, and one may move aftick to and fro through it, and (tir it as eafily as 
water, and the vapours burft and break out in bubbles jufta in boyling 
water,and the like; whereas, both before thofe watery patts are flying 
away, and after they are quite gone 5 thatis, before and after it have done 


boyling,all thofe efiectsceafe , and a flick is as. dificultly moved to and fro ~ 


in it asinfand, or thelike, Which Explication I could eafily prove, had I 
time; but thisis not à fit place for it. wx d 
To proceed therefore, I fay,that the dropping of this expatided Body in- 


to cold Water, does make the parts of the Glafs fufferaidouble contradtion ? 


The firlt is, of thofe parts which are neet the Surface of the Drop, For Cold, 
as I faid before,contracting Bodies, that is,by the abatement of the agitating fa- 


culty the parts falling neerer together 5 the parts next adjoying to the Water- 


muft needs lofe much of their motion, and impart it tothe Ambient-water 
(which the Ebullition and commotion of it manifefts) and thereby become 
a folid and hard cruft , whilft the innermoft parts remain yet fluid and. ex- 
panded 5 whence,as they grow cold alfo by degrees,their parts muft neceffa- 
rily be left at liberty to be condenfed , but becauíe of the hardnefs of the 
outward cruft,the contraction cannot be adrnitted that way;but there being 
many very {mall, and before inconfpicuous, bubbles in the fubftance of the 
Glaísupon the fubfiding of the parts of the Glafs,the agil fubftance contain- 
ed in them has liberty of expanding it felfa little,and thereby thofe bubbles 
gure much bigger,which isthe fecond Contraction; And both thefé are con- 
rmed from the appearance of the Drop it elf: for as for the outward parts, 
we fee, firft,that it is irregular and fbrunk, as it were, which is caufed by the 
yielding a little of the hardened Skinto a Contra&tion, after the very out- 
moft Surface is fettled 5 and asfor theintetnal parts, one may with ones 
naked Eye perceive abundance of very confpicuous bubbles, and with the 
Microfcope many more; ET, [ 
The Confideration of which Particulais will eafily make the Third Pofiti- 
on probable,that is,that the parts of the drop will be of a very hard, though 
of ararified Texture ; for ifthe outward parts of the Drop, by reafon of its 
hard eruft, will indure very little Contraction, and the agi! Particles, wi 
H ec 
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. MEET DS thedecreafe of the 
ded in thofe bubbles, by the lofing of their agitation, by the e E 
Heat,lofe alfo moft part of their Spring and Expanfive powersit a 
withdrawing of the heat being very fudden) that the parts mult be le "n a 
very loofe Tescue, and by reafon of the implication of the ar dh. 2 in 
another, which from their fluggifhnes and glutinoufnets Tfuppote tino mo 
after the manner of the fticks in a Thorn-bufb;or a Lock of WoolsIt will fol- 
Jow, I fay, that the parts will hold each other very ftrongly together,and in- 
deavour to draw each other ph together , bara their Tex- 
T ft be very hard and ftiff, but very much raritiec. 
gece will malte probable my next Pofition, That the parts of the Glafs 
are under a kind of tenfion or flexure,out of which they indeavour to extricate and 
free themfelves,and thereby all the parts draw towards the Center or middle, 
and would; if the outward parts would give way, as they do when the out- 
ward parts cool leifarely ‘(asin baking of Clafles ) contract the bulk of the 
drop intoa much lefs compafs. For fince.as I proved before,the Internal parts 
of the drop, when fluid,were ofa very rarified Texture.and,as it were,tos d 
open like a Lock of Wool,and if they were fuffered leifurely to cool, would 
be again preft, as it were,clofe together: And fince that the heat,which kept 
them bended and open, istemoved , and yet the parts not fuffered to getas 
necr together asthey naturally would; It follows,that the Particlesremain 
under a kind of tenfion and flexure , and confequently have an indeavour to 
free themfelves from that bezding and.diftenfion, which they do, as foon as 
either the tip be broken, or as foon as by a leifurely heating and cooling, 
the parts are nealed into another pofture. 

And this will make my next Pofition probable,that the parts of the Glafs drops 
are contignated together in the form of an Arch,and cannot any where yield or 
be drawn inwards,till by the removing of fome one part of it(as it happensin 
theremoving one ofthe ftones of an Arch)the whole Fabrick is fhatter'd,and 
fallsto pieces,and each of the Springs is left at liberty,fuddenly to extricate it 
(elf: for fince I have made it probable;that the internal parts of the Glafs have 
a contractive power inwards, and the external parts are incapable of fucha 
Contraction;and the figure of it being fpherical;it follows,that the fuperficial 
parts muft bear againft each other, and keep one another from being con- 
densd into alefsroom, in the fame manner as the {tones of an Arch conduce 
to the upholding each other in that Figure.And this is made more probable 
by another Experiment which was communicated to me by an excellent Per- 
fon, whofe extraordinary Abilities in all kind of Knowledg, efpecially in that 
of Natural things,and his generous Difpofition in communicating, incouraged 
me to have recourfe to him: on many occafions. The Experiment was this: 
Small Glafs-balls ( about the bignefs of that reprefented in the Figure €.) 
would,upon rubbing or Ícratching the inward Surface, fly all infunder, with 
a pretty brisk noife 5 whereas neither before nor after the inner Surface had 
been thus fcratcht, did there appear any flaw or crack. And putting the pie- 
cesof one of thofe broken ones together again, the flaws appeared much 
after the manner of the black lines on the Figure; @. Thefe Balls were {mall 
but exceeding thick bubbles of Glafs, whichbeing crack'd off from de 
Puntilion whülft very hot , andío fuffered to cool without nealing them in 
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the Ovén over the Furnace, do thereby ( being made of white Clafi 
which cools much quicker then green Glafs , and. is thereby made mich 
brittler ) acquirea very porous and very brittle texture: fothat if with 
the point of a Needle or Bodkin, the infide of any of them be rubbed 
prety hard, and thenlaid ona Table, it will; withm a very little while 
break into many pieces, with a brisk noife and throw the parts above a 
fpan afunder on the Table: Now though the pieces are: notfoufmall as 
thofe of a fulminating drop, yet they as plainly fhew, that the outward 
parts of the Glafs have a great Cozatus to fly afunder,were they not held 
together by the fezacity of the partsof the inward Surface : for we fee 
as foon as thofe parts are crazed by hard rubbing, and thereby their tena- 
city fpoiled, the fpringinefs of the more outward. parts quickly:makesa 
divulfion, and the broken pieces will, if the concave Surface ‘of them be 
further feratcht with a Diamond, fly again into {maller pieces: $ 
From which preceding confiderations it will follow Sixthly.) That the © 
fudden flying afunder of the parts as foonas this Archis any where difor- 
dered or broken, proceeds from the fpringing of the parts; which ,indea- 
vouring to extricate themfelves as foon as they get the liberty , they per- 
form it with füch a quicknefs,that they throw one another away with very 
great violence :-for'the Particlesthat compofe the Cruft havea’ Conatus 
to lye further from one another,and therefore as foon as the external parts 
are locfened they dart themfelves outward with great violence, juft as fo 
many Springs would do, if they were detained and faftened to the body, 
as foonas they fhould be fuddenly loofeneds and the internal parts draw- 
ing inward, they contract fo violently, that they rebound back againand 
fly into multitude of fmall fhiversor fands. Now though they appear 
not, either to the naked Eye, or the Aicrofcope, yet lam very apt to think 
there may be abundance of {mall flaws or cracks, which , by reafon the 
ftrong reflecting Air is not got between the covtiguous parts, appear not. 
And that this may be fo, I argue from this , that I have very often been 
able to make a crack or flaw, in fome convenient pieces of Glafs,to appear 
and difappear at pleafure, according as by prefling together, or pulling 
afunder the contiguous parts, Lexcluded or admitted the {trong reflect- 
ing Air between the parts: And itisvery probable, that there may be 
fome Body, that is either very rarified Air, or fomething avalogoxs to it; 
which fills the bubbles of thefe drops 5 which I argue, firft, from the round- 
nefs of them, and next, fromthe vivid reflection of Light which they ex- 
hibite : Now though I doubt not , but that the Air in them is very much 
rarified,yet that there is {ome in them, to fuchas well confider this Expe- 
riment of the difappearing of a crack upon the extrading of the Air, 1 
fuppofe it will fecm more then probable. | | 
The Seventh and laft therefore that I fhall prove, is, That the gradual 
heating and cooling of thefe fo extended bodies does reduce the parts of the 
Glafs to a loofér and fofter temper. And this I found by heating them, and. 
keeping them for a prety while very red hot in a fires for thereby I found 
them to grow a little lighter, and the {mall Stems to be very eafily bro- 


kenand Ínapt any where , without at all making the drop fly; whereas 
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before they were fo exceeding hard,that they could not be pie with- 
out much difficulty; and upon their breaking the whole drop: would 
fly in pieces with very great violence. The Reafon of which laft feems 
to be , that the leifurely heating and. cooling of the parts doesnot only 
waft fome part of the Glafsit fel , but ranges all the parts Into a better 
order, and gives each Particle an opportunity of relaxing its felf, and 
confequently neither will the parts hold fo ftrongly together as before, 
nor be fo difficult to be broken : The parts now more eafily yielding, 
nor will the other parts fly in pieces , becaufe the parts have no bended 
Springs. The relaxation alfo in the temper of hardned Steel, and ham- 
mered Metals.by nealing them in the fire,feemsto proceed from much the 
famecaufe. For both by quenching fuddenly fuch Metals as have vitri- 
fied parts interfpers’d, as Steel has,and by hammering of other kinds'that 
do not fo much abound with them, as Silver, Brafs, Gc. the partsare put — 
into and detained in a bended pofture , which by the agitation of Heat 
are fhaken, and loofened, and fuffered to unbend themfelves, 


Obferv. VIII. Of the fiery Sparks firuck, froma Flint or 
Steel. 


I: is avery common Experiment , by ftriking with a Flint againft a 


Steel,to make certain fiery and fhining Sparks to fly out from between 
thofe two comprefling Bodies. About eight years fince , upon cafually 
reading the Explication of this odd Phenomenon, by the moft Ingenious 
Des Cartes , [had a great defire to be fatisfied , what that Subftance was 
that gave fuch a fhining and bright Light : And to that endT fpread a 
fheet of white Paper,and on it, obferving the place where feveral of thefe 
Sparks feemed to vanifh, Tfound certain very fall; black, but gliftering 
Spotsof a movable Subftance, each of which examining with my AMifcro- 
vope,I found to bea fmal! round Globule 5. fome of which, as they looked 
prety fmall, fo did they from their Surface yield a very bright and ftrong 
reflection on that fide which was next the Light; and each look'd almoft 
like a prety bright Iron-Ball, whofeSurface was prety regular, fuch asis 
reprefented by the Figure A. In thisI could perceive the Image of the 
Window prety well, or of a Stick, which I moved up and down between 
the Light andit. Others I found, which were, as to the bulk of the Ball 
prety regularly round,but the Surface of them,as it was not very fmooth, 
but rough,and more irregular, fo was the reflection from it more faint and 


- eonfufed. Such were the Surfaces of B. C. D. and E. Some of thefe] 


found cleft or cracked, as C, othersquite brokenin two and hollow, as 
D. which feemed to be half the hollow fhell of a Granado, broken s 
gularly in pieces. Several others I found of other fhapes; but that 
which is reprefented by E, T obíerved to be a very big Spark of Fire 
which went out upon one fide of the FlintthatI ftruck fire withal!’, to 


which 
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which it ftuck by the root F; at the end of which (mall Stern was faften- 
ed-on a Hemifphere, or half a hollow Pall;with the mouth of it operi from 
the ftemwards, fo that it looked much likea F unnel, or an old fathioned 
Bowl without a foot. This night, making many tryals and obfervatioris 
of this Experiment,] met;among a multitude of the Globular ones Which 
i had obferved, a couple of Inftances, which are very remarkable to the 
confirmation of my Hypotbefis. 

And the Firft was of a pretty big Ball faftened on to the end 6f (mall 
(liver of Iron,which Compofitum feemed to be nothing elfe but a long thin 
chip of Iron,one of whofe ends was tnelted intoa {mall round Globulsthe 
other end remaining unmelted and irregular, and perfectly Iron. 

The Second Inftance was not lefs remarkable then the F irft 5 for I 
found, when a Spark went out, nothine but a very fmall thin long (liver 
of Iron or Steel, unmelted at either end. So that it feems, that fome of 
thefe Sparks are the {livers or chips of the Iron vitrified, Others are on- 
ly the {livers melted into Balls without vitrification, And the third kind 
are only {mall flivers of theIron, made red-hot with the violence of the 
itroke given on the Steel by the Flint. 

He that fhall diligently examine the Phenomena of this Experiment, 

will, I doubt not, find caufe to believe, that the reafon [have heretofore 
given of it, isthe true and genuine caufe of it, namely, That the Spark 
appearing fo bright in the falling. is nothing elfe but a finall piece of the Steel 
or Flint, but moft commonly of the Steel, which by the violence of the ftroke 
is at the fame time fever'd and heatt red-hot , and that fometinies to fach à 
degree , as to make it melt together into a [mall Globule of steel, and fome- 
times alfo is that heat fo very intenfe, as further to melt it and vitrifie it 5 but 
many times tbe heat is fo gentle, asto be able to make the fliver only red hots 
which notwithftanding falling upon the tinder (that is only a very curious 
fmall Coal made of the fmall threads of Linnen burnt to coals and 
char’d ) it eafily fets it on fire. Nor will any part of this Hypothefis (cem 
ftrange to him that confiders, Firft, that either hammering, or filing, or 
otherwife violently rubbing of Steel, will prefently make it fo hot as to- 
be able toburn ones fingers. Next, that the whole force of the ftroke 
isexerted upon that fmall part where the Flint and Steel firft touch: For 
the Bodies being each of them fo very hard , the puls cannot be far com- 
municated, that is, the parts of each can yield but very little, and there 
fore the violence of the concuffion will be exerted on that piece of Steel 
whichis cut off bythe Flint. Thirdly , that the filings or fmall parts of 
Steel are very apt,as it were,to take fire, and are prefently red hot, that 
is,there feems to bea very combuftible Julphureous Body inIron or Steel, 
which the Air very readily preys upon, as foon as the body is a little vio- 
lently heated. . 

And this is obvious in the filings of Steel or Iron caft through the flame 
of a Candle ; for even by that fudden tranfitus of the {mall chips of Iron, 
they are heat red hot, and that combuftible fulphureous Body ‘ts prefent- 
ly prey'd upon and devoured by the aereal incompafling Adenftrunm, 
whofe office in this Particular I have fhewn inthe Explication of se 
cole. ne 


45 


MicROGRAPHIA. 


And in profecution of this Experiment,having taken the filings of Iron 
and Steel; and withthe point of a Knife caft them through the flame of a 
Candle, Lobferved where fome confpicuous fhining Particles fell, and 
looking on them with my Microfcope , 1 found them to be nothing elfe 
but fach round Globules, asl formerly found the Sparks {truck from the 
Steel by a ftroke to be; only a little bigger 5 and fhaking together all the 
filings that had fallen upon the fheet of Paper underneath, and obferving 
them withthe Aicrofcope, 1 found a great number of fmall Globules, fuch 
asthe former, though there were alfo many of the parts that had remain- 
ed untoucht, and rough filings or chips of Iron. So that, it feems, Iron 
does contain a very combuftible fulphureows Body, which is, in all likeli- 
hood, one of the caufes of this Phenomenon , and which may be perhaps 
very much concerned in the bufinefs of its hardening and tempering : of 
which fomewhat is faid in the Defcription of Amfcovy-glafs. 

So that, thefe things confidered, we need not trouble our felves to find 
out what kind of Pores they are, both in the Flint and Steel, that contain 
the Atoms of fire, nor how thofe Atoms come to be hindred from run- 
ningallout , when a dore or paflage in their Pores is made by the con- 
mani nor need. we trouble our fclves to examine by what Prometheus 
the Element of Fire comes to be fetcht down from above the Regions of 
the Air, in what Cells or Boxes it is kept, and what Epimetheus lets it go: 
Nor toconfider what it is that caufes fo great a conflux of the atomical 
Particles of Fire,which are faid to fly to a flaming Body, like Vultures or 
Eaglestoa putrifying Carcafs , and. there to make a very great pudder. 
Since we have nothing. more difficult in this Hypothefis to conceive, firft, 
asto the kindling of Tinder, then how a large Iron-bullet, let fall red or 
glowing hotupon a heap of Small-coal, fhould fet fire to thofe that are 
next to it firft : Nor fecondly, is this laft more difficult to be explicated 
then that a Body, as Silver for Inftance, put into a weak Adenfiruum, * 
unre&tified Aqua fortis fhould , when it is put in a great heat, be there 
diffolved by it, and not before 5 which Hypothefis is more largely explica- 
ted. in: the Defcription of Charcoal. To conclude, we fee by thisIn- 
ftance, how much Experiments may eonduce to the regulating of Philo- 

fophical notions. For i£ the moft Acute Des Cartes had applied himfelf 
experimentally to have examined what fübftance it was that caufed that 
fhining of the falling Sparks ftruck from a Flint anda Steel, he would 
certainly havea little altered his Hypothefis, and we fhould have found 

that his Ingenious Principles would haveadmitted a very plaufible Bie 
plication of this Phenonenon whereas by not examining fo far as he 
mi ht, he has fet down an Explication which Experiment do's contra- 


ictu 
But before [leave this Defcription, I muft not forget to take notice of 
the Globular form into which each of thefe is moft curioufly formed. 
And this Phezomenon, as Vhave elfewhere more largely fhewn, proceeds 
froma propriety which belongs to all kinds of fluid Bodies more or 
lefsyand is. caufed by the Incongruity of the Ambient and included Fluid 
which foraéts and modulates each other, that they acquire , asneer as is 
pofhible, j 
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poffible, a Jperical or globular form; which propriety and feveral of the 
Phenomena that proceed ftom it, 1 have more full y explicated in the fixth 
Obíervation. r dr 

One Experiment, which does very:muüch illuftrate my prefent Explica- 
tion, and 1s init {elf exeeeding pretty, I muft not pafsby : And that is a 
way of making fmall Globiles or Balls of Lead, or Tin, as fmall almoft as 
thefe of Tron or Steel, and that exceeding eafily and quickly, by turning 
the filings or chips of thofe Metals alfo into perfectly round Globules, 
The way, in fhort;as I received it from the Learned Phyfitian Dotfor. 1. G. 
is this 5 

Reduce the Metal you would thus fhape, into exceeding fine filings, 
the finer the filings are; the finer will the Balls be : Stratific thefe filings 
with the fine and well dryed powder of quick Lime in a Crucible propor- 
tioned tothe quantity you intend to make: When you have thus filled 
your Cracible, by continual. ftratifications of the filings and powder, fo 
that.as neerasmay be, no one of the filings may touch another; place the 
Cruciblé in a gradual fire, and by degrees let it be brought to a heat big 
enough to make all the filings, that are mixt with the quick Lime,to melt, 
and no more ; for if thefire be too hot, many of thefe filings will joyn 
and run together 5 whereasif the heat be proportioned , upon wafhing 
the Lime-duft in fair Water , all thofe {mall filings of the Metal will fub- 
fide to the bottom in a moft curious powder , confifting all of exactly 
round Globules, which, if it be very fine, is very.excellent to make Hour- 

lafles of. ils. 

j Now though quick Lime be the powder that this dire&tion makes 
choice of, yet I doubt not; but that there may be much more convenient 
ones found out; one of which I have made tryal of, and found very effe- 
€ual 5 and were it not for difcovering, by the mentioning of it, another 
Secret, which I am not free to impart, I fhould have here inferted 
it. 


Obferv. IX. Of the Colours obfervable in Mufcovy Glafs, and 
other thin Bodies. . 


Ofcovy-glafs,or Lapis fpecularis;s a Body that feems to have as ma- 

ny Curiofities in its Fabrick as any common Mineral I have met 

with : forfirft, Itis tranfparent to a great thicknefs: Next, it is com- 
pounded of an infinite number of thin flakes joyned or. generated one 
upon another fo clofe & fmooth,as with many hundreds of them to make 
one fmooth and thin Plate of a tranfparent flexible fabftance,which with 
care and diligence may be flit into pieces fo exceedingly thin as to be 
hardly perceivable by the eye, and yet even thofe, which Í have thought 
the thinheft, [have with a good Aficroféope found to be made up of many 
ether Plates, yet thinner; and itisprobable, that, were our — 
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much better , we might much further difcov er its divifibility. Nor are 
thefe flakes only reguiar as to the {moothnefs of their Surfaces 5 but third- 
ly , In many Plates they may be perceived to be terminated naturally 
^ with edges of the figure of a Rhomboeid. 'Yhis Figure 1s much more con- 
fpicuous in our English talk, much whereof is found in the Lead Mines, 
. and is commonly called Spar » and Kauck.,. which is of the fame kind of 
fübftance with the Sclezités, but is feldom found in fo large flakes as that 
is, nor isit altogether fo tuff, but is much more clear and tranfparent,and 
much more curioully thaped , and yet may becleft and flak'd likethe\o- 
ther Selenitis. But fourthly, this {tone hasa property, which in refpe& 
of the Aficrofcope, ismore notable, and that is, that it exhibits feveral ap- 
__ pearances of Colours, both tothe naked Eye, but much more confpicu- 
oufly tothe Adicrafcope $ for the exhibiting of which , [ took a piece of 
Rutoosilaly and fplitting or cleaving itinto thin Plates, [found that up 
_and down in feveral parts of them [could plainly perceive feveral white 
fpecks or flaws, and others diverfly coloured with all the Colours of the 
Rainbow ; and with the AMicrofcope Y could perceive , that thefe Colours 
were ranged in ringsthat incompafled the white {peck or flaw, and were 
round or irregular, according to the fhape of the {pot which they termi- 
nated ; and the pofition of Colours, in refpe& of one another, was the 
very fame asin the Rainbow. The confecution of thofe Colours from the 
middle of the {pot outward being Blew, Purple, Scarlet, Yellow, Greens 
Blew, Purple, Scarlet, and fo onwards, fometimes half a fcore times re- 
peated,that is,there appeared fix,feven,eight,nine or ten feveral coloured 
rings or lines, each incircling the other, inthe fame manner as I have of 
ten feen avery vivid Rainbow to have four or five feveral Rings of Cor 
lours, that is, accounting all the Gradations between Red and Blew for 
one : But the order of the Colours in thefe Rings was quite contrary to 
the primary or innermoft Rainbow, and the fame with thofe of the fecon- 
dary or outermoft Rainbow ; thefe coloured Lines or Zrifes, as Imay fo 
call them, were fome of them much brighter then others , and fome of 
them alfo very much broader, they being fome of them ten,twenty, nay 
[believe , neer a hundred times broader then others; and thofe ufually 
were broadiíh which were neereft the center or middle of the flaw. And 
oftentimes I found , that thefe Colours reacht to the very middle of the 
flaw, and then there appeared in the middle a very large fpot, for the 
moft part, all of one colour , which was very vivid , and all the other 
Coloursincompafling it, gradually afcending, and growing narrower to- 
wards the edges, keeping the fame order , as inthe fecundary Rainbom, 
that is,if the middle were Blew, the next incompafling it would be a Pur- 
ple,the third a Red, the fourth a Yellow, cc..as above 5 if the middle 
were a Red,the next without it would be a Yellow,the third a Green, the 
fourth a Blew,and fo onward,. And this order italwayes. kept whatfo- 
ever were the middle Colour. 

There was further obfervable in feveral other parts of this Body, ma- 
ny Lines or Threads,each of them of fome one peculiar Colour, and thofe 
fo exceedingly bright and vivid , that itafforded avery pleafant objet 

through 
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through the Aticrofcope. Some of thefe threads T have obferved allo tà 
be -— or made up of feveral fhort lengths of differently coloured 
ends ( asT may fo call them ) asa line appearing about two inches’ long 
through the Afcrofcope , has been compounded of about half an inch of 
a Peach colour, & of alovely Grafs-green, 2 of an inch more of a bright 
Scarlet,and the reftof the line of a Watchet blew: Others of them were 
much otherwife coloured; the variety being almoft ‘infinite. Another 
thing which isvery obfervable, is, that if you find any placewhere the 
colours are very broad and confpicuous to the naked eye, you may; by 
prefling that place with your finger, make the colours change places,and 
go from one part to another. ; 

There is one Phanomenon more, which may, if care be ufed, exhi- 
bit to the beholder, asithas divers times to me, an exceeding pleafant 
and not lefsinftructive Spectacle 5 And that is, if curiofity and diligence 
be ufed , you may fo fplit this admirable Subftance , that you may have 
pretty large Plates ( in comparifon of thofe fmaller ones which you may 
obferve inthe Rings ) that are perhapsan 4 ora £ part of aninch over; 
each of them appearing through the Zdicrofope móft curioully, intirely, 
and uniformly adorned with fome one vivid colour: this, if examined 
with the ZZicrofcope, may be plainly .perceived tobe in all parts of it e- 
quallythick. ‘Two, three, or more of thefe lying one upon another, ex- 
hibit oftentimes curious compounded colours, which produce fucha 
Compofitum , asone would fcarce imagine fhould be the refult of fuch ;z- 
gredients: Asperhapsa faint yellow and a blew may produce a very decp 
purple... But when anon we come to the more {trict examination of. thefe 
Phenomena, and toinquire into the caufes and reafons of. thefe produéti- 
cns,we fhall] hope, make it more conceivable how they are produced; 
and fhew them to be no other then the natural and neceflary effects ari- 
fing from the peculiar union of concurrent caufes. 

Thefe Phenomena being fo various, and fo truly admirable, it will cer- 
tainly be very well worth our inquiry , to examine the caufesand reafons 
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of them,and to confider, whether from thefe caufes demónftratively evi= _ 


denced , may not be deduced the true caufes of the production of all 
kind of Colours. And I therather now do it, inftead of an Appen- 
dix or Digreffion to this Hiftory, then upon the occafion of examining 
the Colours in Peacocks, or other Feathers, becaufe this Subject, as: it 
does afford more variety of particular Colours , fo does it afford much 
better wayes of examining each circumftance. And. this will be made 
manifeft to him that confiders, firft, that this laminated body is more 
fimple and regular then the parts of Peacocks feathers, this confifting on- 
. lyof anindefinite number of plain and fmooth Plates, heaped up; or zz- 
cumbent on each other: Next, that the parts of this body are much more 
manageable, to be divided or joyned; thenthe parts of a Peacocks fea- 
ther,orany other fubftance that I know. And thirdly, becaufe that in this 
we areableftoma colourlefs body to prodüceleveral coloured bodies, 
affording all the variety of Colours imaginable: And feveral others, 
which the fabfequent Inquiry. will make manifeft. 2 
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To begin therefore, it is manifeft from feveral circumftances, that the 
material caufe of the apparition of thefe feyeral Colours, 15 fome Lamina 
or Plate of atranfparent or pellucid body of a thicknefs very determi- 
nate and proportioned according tothe greater or le(s refractive power 
of the pellucid body. And that this is fo,abundance of Inftances and par- 
ticular Circumftances will make manifeft. : 

As firft , if youtake any {mall piece of the Mujfcovy-giafs , and with a 
Needle, or fome other convenient Inftrument, cleave it oftentimes inte 
thinner and thinner Lamine, you fhall find, that till you come toa deter- 
minate thinnefs of them, they fhall all appear tranfparent and colourle&, 
but if you continue to fplit and divide them further,you ball find at laft, 
that each Plate, after it comes to fuch a determinate thicknefs, thal] ap- 

ear moft lovely ting’d or imbued with adeterminate colour. If further, 
E any means you fo Haw a pretty thick piece, that one part does begin 
to cleave a little from the other, and between thofe two there be by any 
-means gotten (ome pellucid medium, thofe laminated pellucid bodies that 
fill that fpace, fhall exhibit feveral Rainbows or coloured Lines, the co- 
lours of which will be difpofed and ranged according to the various 
thickneffes of the feveral parts of that Plate. That this is fo, is yet fur- 
ther confirmed by this Experiment. 

Take two {mall pieces of ground and polifht Looking-glafs-plate, 
each about the bignefs of a fhilling, take thefe two dry , and with your 
fore-fingers and thumbs prefs them very hard and clofe together,and you 
fhall find, that when they approach each other very near, there will ap- 
pear feveral Zrifes or coloured Lines, in the fame manner almoft as in the 
Mufcovy-glafs 5; and you may very eafily change any of the Colours of 
any part of the interpofed body, by preffing the Plates clofer and hard- 
er together,or leaving them more lax 5 that is,a part which appeared co- 
loured with ared, may be prefently ting d with a yellow, blew, green, 
purple , or thelike, by altering the appropinquation of the terminating 
Plates.Now that air is not necefíary to be the interpofed body; but that 
any other tranfparent fluid will do much the fame, may be tryed by wet- 


ting thofe approximated Surfaces with Water, or any other tran{parent 
Liquor, and proceeding withit inthe fame manner as you did with the 
Air; and you will find much the like effe& , only with this difference; 
that thofe compreft bodies, which differ moft, in their refractive quality, — 
from the compreffing bodies, exhibit the moft ftrong and vivid tim» - 
Gures. Nor isit neceflary , that this /azzizated and ting'd body fhould 
be of a fluid fubftance , any other fubítance, provided it be thin enough 
and tranfparent, doing the fame thing : thisthe Leming of our Azjfcauys 
la(s hint 5. but it may be confirm'd by multitudes of other Inftances. 
And firft, we (hall find, that even Glafs it felf may, by thehelp of a 
Lamp, be blown thin enough to produce thefe Phenomena of Cox 
lours: which Phenomena accidentally happening, as | have been 
attempting to frame {mall Glafies with a Lamp , did not a little furprize 
me-at fit, having never heard or feen any thing of it before; 
though afterwards comparing it with the Phexeziema , 1 had ofter 
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obferved in thofe Bubbles which Children ufe to make with Soaprinater, 
I did the lef wonder 5 efpecially whenupon Experiment E found, Bi was 
able to. produce: the fame: Phenomenain: thin Bubbles made wish any 
ether tranfparent Subftance. Thus have I produced them. with Bubbles 
of Pitch, Kofi, Colophony,Turpentine, Solutions of feveral Gums, as Gua 
Arabitk in water ; any glutinous Liquoias Wort; Wine,Spinitof Wine, Oy 
of Turpentine, Glare of Snails, &e. 

It would be needlefs to. enumerate the feveralInfiances ; thefebeing 
enough to fhew the generality or univertality of this propriety. » Only: I 
mut not omit, that we have inftances alo of this kind-even in metalline 
Bodies and animal 5 for thofe feveral Colours which are obíerved tofol« 
low cach other upon the polifht furface of hardned Steel, wheiit isby a 
fufficient degree of heat gradually tempered or foftened , are produced 
from nothing elfe but a certain thin Eazezra of aviirum or vebrified part 
of the Metal,which by that degree of heat, and the concurring action of 
the ambient Air,is driven out and fixed on the fürfácc of the Stech. 

- And this hints to mea very probable. ¢ at leaft, if notthe true) caufe 
of the hardning and tempering of Steel, which has not, Ethink, been yet 
given;nor, that I know of,been fo muchas thought of by any; And that 
Is this,that the hardnefs of it arifes from a greater proportion of a vitrifi- 
ed Subftance interfperfed through the poresof the Steck. And that the 
tempering or foftning of it arifes from the proportionate or fmaller parcels 
of it left within thofe pores. This will feem themore probable , if we 
confider thefe Particulars. Laid 

Firft, That the pure parts of Metals are of themfelves very flexable 
and tuff’; that is, will indure bending and hammering,and yet retain their 
continuity. , 

Next, That the Parts of all vitrified Subftances, 49 all kinds of Glafz, 
the Scoria of Metals, ec. are very hard, and'alío very brittle; being neis 
ther flexible nor salleable, but may by hammering or beating be broken 
into {mall parts or powders. Soy 

Thirdly, That all Metals (^ excepting Gold and Silver , which do not 
fo much with the barefire, unleís aflifted by other faline Bodies ). do 
more or lefs oitrffe by the ftrength of fire, thatis, are corroded by a fa 
lineSubftance, which Ielfewhere fhew to be the true caufe of fires and 
are thereby, as by feveral other A&ofiruums,converted into Seoria 5; And 
this is called, calcining of them, by Chimifts. . Thus Iron and Copper by 
heating and quenching do turo all of them by degrees into Sesria, which 

are evidently vitrified Subftances ; and unite with Gla& , and are eafily 
fifible ; and when cold, very hard, and very brittle. 

Fourthly, That moft kind of Vitrifications ov Caleinations ave made by 
Salts, uniting and incorporating with the nietalline Particles. Nor do 1 
know any one caleization wherein a Saliné body may not, with very 
great probability, be faid to be at agent or coadjutor. 


Fifthly, That Iron is converted into Steel by means of the incorpora: 


tion of certain falte, with which it is kept a certain cime in the fire. 


Ta Sixthly; 
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Sixthly, That any Iron may, ina very little time, be cafe bardned, as 
the Trades-men call it, by cafing the iron to be hardned with clay; and 
putting between the clay and iron a good quantity of a mixture of Urine, 
Soot, Sea-falt, and Horfes hoofs (all which contein great quantities of Sa- 
line bodies) and then putting the cafe into a good ftrong fire, and keep- 
ing it in a confiderable degree of heat for a good while, and afterwards 
heating, and quenching or cooling it fuddenly 1n cold water. 
Seventhly, That all kind of vitrify d fubftances,by being fuddenly cool d, 
become very hard and brittle. And thence arifes the pretty Phenomena 
of the Glafs Drops, which I have already further explained in its own 


lace. 
^ Fighthly, That thofe metals which are not fo apt to vitrifie, do not ac- . 
quire any hardnefs by quenching in water, as Silver, Gold, &c. 

Thefe confiderations premis d, will, I fuppofe, make way for themore 
-eafie reception of this following Explication of the Phenomena of hardned 
and temper d Steel. That Steel is à fubftance made out of Iron, by means 
of a certain proportionate Vitrification of feveral parts, which are fo cu- 
rioufly and proportionately mixt with the more tough and unalter'd parts 
of the Iron, that when by the great heat of the fire this vitrify'd fub- 
ftance is melted, and confequently rarify'd, and thereby the pores of 
theIronaremore open, if then by means of dipping it in cold water it 
be fuddenly cold, and the parts hardned, that is, ftay'd in that fame de- 
gree of Expanfion they were in when hot, the parts become very hard 
and brittle, and that upon thefame account almoft as {mall parcels of 
laís quenched in water grow brittle, which we have already explicat- 
ed. If after this the piece of Steel be held in fome convenient heat,till by 
degrees certain colours appear upon the furface of the brightned metal, 
the very hard and brittle tone of the metal, by degrees relaxes and be- 
comes much more tough ahd foft ; namely, the action of the heat does 
by degrees loofen the parts of the Steel that were before ftreached or fet 
atiltas it were, and ftayed open by each other, whereby they become 
relaxed and. fet at liberty, whence fome of the more brittle interjacent 
parts are thruft out and melted intoa thin skin on the furface ofthe Steel, 
which from no colour increafes to a deep Purple, and fo onward by thefe 
gradations or confecutions, White, Yellow, Orange, Minium, Scarlet, Purple, 
Blew,Watchet, &c. and the parts within are more conveniently, and pro- 
portionately mixt 5 and fo they gradually fubfide into a texture which 
is muth better proportion'd and clofer joyn'd, whence that rigidnefle 
of parts ceafes, and the parts begin to acquire their former dudil- 
nefs. 

Now.that’tis nothing but the vitrify d metal that {ticks upon the furface 
ofthe colour'd body, is evident from this, that ifby any means it be fera- 
p and rubb’d off;the metal underneath it is white and clear;and if it be 

ept longer in the fire, fo as to increafeto a confiderable thicknefs, it 
may, by blows, be beaten offin flakes.  Thisis further confirm d by this 
obíervable, that that Iron or Steel will keep longer from rufting which 
is covered with this vitrifyd cafe : Thus alfo Lead will, by degrees, be 

all 
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all turn'd into. a litharge; ' for that colour which covers theto bein 
ícum'd or íhov'd afide; appears to be nothing elfe but a E = 
vitrify d Lead. T TS 


This is obfervable alfo infome fort , on Brafs, Copper, Silver, Gold, 


Tin, but is moft confpicuous in Lead: all thofe Colours that. cover the 
furface of the Metal being nothing elfe , but a very thin. vitrifi'd part 
of the heated Metal. 
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The other Inftance we have, is in Animal bodies, as in Pearls, Mother. 


of Pearl-fhels, Oyfter-fhels, and almoft all other kinds of ftony fhels 
whatfoever. Thishavelalío fometimes with pleafure obferv'd even 
in Mufclesand Tendons. Further, if you take any glutinous fubftance 
and runit exceedingly thin upon the furface of a fmooth. glafs or a po- 
lifht metaline body, you fhall find the like effe&s produced : and in 
general, wherefoever you meet with a tranfparent body thin enough, 


that is terminated by reflecting bodies of differing refractions from it, 


there will be a production of thefe pleafing and lovely colours. | , 

Nor is it neceflary, that the two terminating Bodies fhould be both of 
the fame kind, as may appear by the vitrified Lamina on Steel, Lead, and 
other Metals,one furface of which Lamine is contiguous to the furface of 
the Metal, the other to that of the Air. 

Nor isit neceflary, that thefe colour d Lazzz4 fhould be of an;even 

thicknefs, that is, fhould have their edges and middles of equal thicknefs, 
as in à Looking-glafs-plate, which circumítance is only requifite to make 
the Plate appear all of the fame colour ; but they may refemble a Lezs, 
that is, have their middles thicker then their edges; or elfe a double con- 
cave, that is, be thinner in the middle then at the edges 5. in both which 
cafes there will be various coloured rings or lines,with differing confecu- 
tions or orders of Colours 5 the order of the firft from the middle out- 
wards being Red, Yellow, Green, Blew, c. And the latter quite con- 
trary. 
But further, it is altogether neceffary, that the Plate, in the places 
where the Colours appear, fhould be of a determinate thicknefs: Firft, It 
inuft not be more then fuch a thicknefs, for when the Plate is increafed to 
fach a thicknefs, the Colours ceafe 5 and befides, I have feen in athin 
piece of Z4ufcovy-slafs, where thetwo ends of two Plates, which appear- 
ing both fingle, exhibited two diftin&t and differing Colours ; but 
- inthat place where they were united, and conítituted one double Plate, 
(asI may callit) they appeared tranfparent and colourlefs Nor, Se- 
condly, may the Plates be thizzer then fuch a determinate czze3 for we 
alwayes find, that the very outmoft Rim of thefe flaws is terminated in 
a white and coloutlefs Ring; — . wA 

Further, in this Production of Coloursthere isno need of a determi- 
nate Light of fuclia bignefs and no more , nor of a determinate pofition 
of that Light,that it fhould be on this fide;and not onthat fide 5 nor of a 
terminating (hadow, asin the Prifme, and Rainbow, or Water-ball : for 
we find, that the Light inthe open Air, either in or out of the Sun-beams, 


and withina Room, either from one or many Windows, produces much 
the 
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the Gime effe&t : only where the Light is brighteft, there the Colours are: 
moft sued, So'does the light of a Candle , colle&ed by a Glafs-bath. 
And further , it is all one whatever fide of the coloured. Rings be to- 
wards the light 5 for the whole Ring keeps its proper Colours from the 
siiddle outwardsin the fame order asl before related , without varying 
atall, upon changing the pofition ef the light. 

But above all itis moft obfervable, that here are al} kind of Colours 
generated ina pellucid body where there is properly no fuch refraction as 
Des Cartes fappofes his Globules to acquire a verticity by: For in the 
plain and even Plates it is manifeft, that the fecond refraction € accords 
ing to Des Cartes his Principles inthe fifth Section of she eighth Chapter - 
of his Meteors ) does regulate and reftore the fuppofed turbinated: Glo- 
biiles unto their former uniform motion. This Experiment therefore will 

rove fuch a one as our thrice excellent Verulam calls Experimentum Cru 
cit, ferving as a Guide or Land-mark , by which to direét our courfe in 
the fearch after the true caufe of Colours. Affording us this particular 
negative Information, that for the production of Colours there is not ne- 
ceflary either a great refraction, as in the Prifme 5 nor Secondly, a deter- 
mination of Light and fhadow , fachas is both in the Prifme and Glafs- 
ball. Now that we may (ce likewife what affirmative and pofitive Inftra- 
étionit yields,it will be neceflary, to examine it a little more particularly 
and ftrictly ; which that we may the better do ,. it will be requifite to 
| cene fomewhat in general concerning the nature of Light and Refra- 

And firft for Light,it feems very manifeft, that there is no luminous Bo- 
dy but hasthe parts of it in motion more or lefs. | 

- Firft, That all kind of fiery burning Bodies have their parts in motion, 
think, will be very eafily granted me. ‘That the fpark, ftruck from a 
Flint and Steel is ina rapid agitation, 1 have elfewhere made probable, 
And that the Parts of rottez Wood,rotten Fifh,and the like, are alfoin mod 
tion, I think, will as eafily be conceded by thofe,who confider,that thofe 
parts never begin to (hine till the Bodies bein a ftateof putrefaction $ 
and that is now generally granted by all, to be caufed by the motion a 
the parts of putrifying bodies. That the Boxonian floue fhines no lon- 
ger thenit is either warmed by the Sun-beams, or by the flame of a Fire ~ 
or of aCandle, is the general report of thofethat write of it; and of 
others that have {een it. And that heat argues a motion of the internal 
parts,is ( as I faid before ) generally granted, 

But there is one Inftance more , which was firft fhewn tothe Royal So- 
ciety by Mr. Clayton a worthy Member thereof, which does make on Af- 
fertion more evident then alithe reft: And thatis, That a Diamond be- 
ing rab d, firuck , or heated inthe dark, fhinesfor a pretty while after, fo 
long as that motion, whichis imparted by any of thofe Agents reinaltil 
Cin the fame manner as a Glafs,rubb d,ftruck;or(by a means which I (ball 
elfewhere mention ) heated, yields a found which lafts as long asthe #/- 
brating motion of that fonorons body ) feveral Experiments made on 
which Stone, are fince publifhed in a Difcourfe of Colours, by the truly 
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honourable Mr. Boyle. What may be faid of thofe Yenes fatui that ap. 
pear in thenight,I cannot fo well affirm, having meyer had the opportuni- 
ty to examine them my felf, nor to be inform'd by any others that had 
obíerv'd them: And the relations of them in Authors ate fo imperfect, 
that nothing can be builtonthem. But hope Iíhall be able in another 
placeto make it at leaft very probable, that there is even in tho alfoa 
Motion which caufesthis efiect. That the thining of Sea-mater proceeds 
from the fame caufe, may be argued from this, That it (hines not till ei- 
ther it bebeaten againft a Rock, or befome other wayes broken or agi- 
tated by Storms, or Oars, or other percuffing bodies. And thatthe A- 
nimal Exengyes or Spirituous agil parts are very active in Cats eyes When 
they fhine, feems evident enough, becaufe their eyes never thine but 
when they look very intently either to find their prey, or being hunted 
in a dark room,when they feek after their adverfary, or to find a way to 
efcape. And the like may be faid of the fhining Belfies of Gloworms, 
fince tisevident they can at pleafüre either increafe cr extinguifh that 
Radiation. 

It would be fomewhat too long a work for this place Zetetically to 
examine, and pofitively to prove, what particular kind of motion it is 
that muft be the efficient of Light ; for though it be a motion; yet tis 
not every motion that producesit, fince we find there are many bodies 
very violently mov'd, which yet afford not fuch an effe& ; and there 
are other bodies, which to our otherfenfes, feem not thov'd fo much, 
which yet fhine. Thus Water and quick-filver, and moftiother liquors 
heated, fhine not; and feveral hard bodies, as Iron, Silver, Brafs,Cop- 
per, Wood, &c. though very often ftruck with a hammer, fhine not pres 
fently, though they willall of them grow exceeding hot ; whereas rot- 
ten Wood, rotten Fith, Sea water, Gloworrms, cc. have nothing of tan 
gible heatin them, and yet ( where there is no ftronger light to affe& the 
Senlory) they fhine fome of them fo Vividly, that one may make a fhift 
to read by thern. 

It would be too long, Ifay, here to infert the difcurfive progrefs by 
which I inquir'd after the proprieties of the motion of Light, and there- 
fore I fhall only add the refule. 

And, Firft, 1 found it ought to be exceeding quick, {uch as thofe moti: 
ons of fermentation and putrefattion, whereby, certainly, the parts are 
exceeding nimbly and violently mov'd, and that; becaufe we find thofe 
motions are able more minutely to fhatter and divide the body,then the 
moft violent heats or zzes(iruums we yet know. And that fite is nothing 
elfe but fuch a diffolution of the Burning body, madeby the tnoft xxiver- 
Jal menfiruum of all falpbureous bodies; namely,the Air, we fhall in an 
other place ofthis Tractate endeavour to make probable. And that, 
in all extreamly hot fhining bodies, there is a very quick motion that 
caufes Light, as well as a more robuft that caufes Heat, may be argued 
from the celerity wherewith the bodyes are diflolv’d. eee 

Next, it muft be a Fbrative motion. And for thisthe newly titention'd 
Diamondaffords us a good argument 5 fince if the motion of the parts did 

not 
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not return;the Diamond muft after many rubbings decay and be wafted: 
but we have no reafon to fufpect the latter, efpecially. if we confider 
the exceeding difficulty that is found in cutting or wearing ‘away a Di- 
amond, “And a Circular motion of the parts is much more im robable; 
fince, if that were granted,and they be irispos d irregular and Angular 
parts, I fee not how the parts of the Diamond fhould hold fo firmly to- 
gether, or remain in the fame fenfible dimenfions, which yet they do. 
Next, if they be Globular, and mov'd only with a turbinated motion, I 
know not any caufe that can imprefs that motion upon the pellucid me- 
dium, which yet is.done. Thirdly, any other irregular motion of the 
parts one amongft another, muft neceflarily make the body of a fluid 
confiftence, from which it is far enough. It muft therefore be a Vibra- 
ting motion. 

And Thirdly, Thatit is a very short vibrating motion, Y think the in- 
ftances drawn from the fhining of Diamonds will alío make probable. 
For a Diamond being the hardeft body we yet know in the World, and 
confequently the leaft apt to yield or bend, mutt confequently alfo have 
its vibrations exceeding fhort. 

And thefe, I think, are the three principal proprieties of a motion, re- 
quifite to produce the effect call'd Light inthe Object. 

The next thing we aretoconfider, is the way or manner of the traje 


éion of this motion through the interposd pellucid body to the eye: — . 


And here it will be eafily granted, 

Firft, That it muft be a body fifceptible and impartible of this motion 
that will deferve the name of a Tranfparent. And next, that the parts of 
füch a body muft be Homogeneous, or ofthe fame kind. Thirdly, that the 
conítitution and motion of the parts muft be fuch, that the appulfe of the 
luminous body may be communicated or propagated through it tothe 
greateft imaginable diftance in the leaft imaginable times though I fee 
no reafon to affirm, that it muft be in an inftant : For I know not any one 
Experiment or obfervation that does proveit. And, whereasit may be — 
objected, That we fee the Sun rifen at the very inftant when it isabove 
the fenfible Horizon, and that we fee a Star hidden by the body of the 
Moon at the fame inftant, when the Star, the Moon, and ourEyeare all — — 
in the fame line ; and the like Obfervations, or rather fuppofitions, may - | 
beurgd. have thisto anfwer, ThatTcanas eafily deny as they affirm; 
for I would fain know by what means any one can be aflured any more 
of the Affirmative, then I of the Negative. If indeed the propagation 
. were very flow, ‘tis poflible fomething might be difcovered by Eclyp- 
fes of the Moon; but though we fhould grant the progrefs of the light 
from the Earth to the Moon, and from the Moon back to the Eartha- - 
gain to be full two Minutes in performing, I know not any poffible 
means to difcover it ; nay, there may be fome inftances perhaps of Ho- 
tizontal Eclypfes that may feem very much to favour this fuppofition of 
the flower progreflion of Light then moft imagine. And the like may 
be faidof the Eclypfes of the Sun, &c. But of this only by the by. 
Fourthly, ‘That the motion is propagated every way through an Homo- 

gencous 
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geneous medium by direct ov. firaight lines extended every way like 

from the center of a Sphere. Fifth] y, in an Homogeneous tical mr 
tion is propagated every way with equal velocity, whence necefiarily evet 
ry pulfe or vitration of the luminous body will generatea Sphere; which 
will continually increafe, and grow bigger, juft after the fame manner 
(though indefinitely fwifter) as the waves or rings on the furface of the 
water do fwellinto bigger and bigger circles about.a point of it; where; 
by the finking of a Stone the motion was begun, whence it neceflarily fol- 
lows, that all the parts of thefe Spheres undulated through an Homogene- 

ous wedium cut the Rays at right angles; sw Ls 
But becaufe all tranfparent mediums ate not Homogeneous to: one) an: 
other,therefore we will next examine how this pulfe ior motion will: be 
propagated through differingly tranfparent wedinms: | And: here;.ac- 
cording to the moft acute and excellent Philofopher “Des Cartes, T fup+ 
pofe the fign of the angle of inclination in the &rft medium to: be to 
the fign of refraction in the fecond, As the denfity of the firft, to the 
denfity of the fecond. By denfity, I mean not the denfity in refpeét of 
gravity (with which the refra&tions or tranfparency of zzediuzes hold no 
proportion) but in refpect onely to the trajeétion of the Rays of light, in 
which refpe&t they only differ in this that the one propagates the pulfe 
more eafily and weakly, the other more flowly, but more itrongly..^ But 
as for the pulfes themfelves, they will by the refraétion dcquire another 
propriety, which we fhall now endeavour to explicate. . uui leq o3 
We will fuppofe therefore in the firft Figure AC F Dito bea:phyfica] 
Ray, or ABC and D E F to be two Mathematical Rays, frajeéd from 
4 very remote point of a luminous body through an Homogeneous tranfpa- 
rent medium LL L, and DA, EB, F C, to be {mall portions of the or: 
bicular impulfes which muft therefore’ cut the Raysat right anglessthefe 
Rays meeting with the plain furface NO of a medinin that yields an 
cafier traxfitus to the propagation of light, and falling obliquely:on it; 
they will in the zzedizzz MMM be rdicaliod towards the perpendicular 
of the furface. And becaufe this medium is mote cafily trajedfed then 
the former by atthird, therefore the poiht € of theorbicular pulíé F.€ 
will be mov'd to H four {paces in the fame time that F the other end: of 
it is mov d. to G three fpaces, therefore the whole refracted pulleGH 
fhall be ob/éque to the refracted Rays C HK and GI ;and the angle GHC 
be an acute, and fo much the more: acute by how much the greater 

the refraction be, then which nothing isimore evident, for the fign ofthe 
inclination is to be the fign of refraction as GF to T C the diftaned bec 
tween the point C and the perpendicular from Gon’ K; which being as. 
four to three; HC being longer then GF is longer. alfothen T €; tliere- 
fore the angle G H C is lefsthan G T C. So that henceforth the parts of 
the pulfes GH and IK are mov'd afcew, or cut: thé Rays at oblique 
angles. : TEES rtscr Har 19 inris 
j^ is not my büfinefs in this place to fet down the'réafons whythiso 
that body fhould impede the Rays more,others leftias why Water {hould 
tránfmit the Raysmore eafily, though more weakly than aif. Onely abs 
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much in general Lhall hint,that I fuppofe the # 
of the tranfparent undulating fubtile matter, 27 
implicated by it, whereas LLL I fuppofe to contain à 


ofthe fluid undulating fabftance,and this to be more imp 


he Pulfes and. Rays will 

more eafie into a more 
CSR whichare refracted 
"tis obvions to obferve, 
the refraction is made 
he other fide. And 
the greater the 
So that havi 


particles of that medium. 


But to proceed, the {ame kind of obliquity of t 
happen alfo when the refraction is made out of 
difficult zzediá 5 as by the calculations of G Q& 

‘cular. In both which calculations 

towards which 

has the en cedent to that of t 
always,the oft de the fame way;Or 


fingle refraction is; ual progrefs. 


ediun MMM to have lefs 
nd that matter to be lefs 
greater quantity 
licated with the 


found thisodd propriety le concomitant of a imitod 


Es not ftreightned by a co 
aétions of the Sun-beams, 
obliquely out of 

(e therefore ABC i 


the Sun : 

cons body, all but 

to pafs intothe Wa 

part, if a Paper be expanded on’ 

lours of the Rain-bow, that is, there will be 

colours, Scarlet and Blxe, and all the zz£erze 

the compofition and dilutings of thefe two, 

Scarlet, which toward. d is diluted into a Tt 

the Kay; 7’, which comes from the underfi 

ef fhall appear of à deep Blue, which is gra 
pale Watchet-blue. Between d and e t 


ly; the being pl 
pounded out of 
compofitien, arifing ff 


makes a Purple,whicat 


t e, and is more eafily manage 
againít c f' 1t will perceive the upper parto 
reso 5 and thefe colours will a 


ing’ fom the luminous body fall 
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we will next examine the 
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(ie medium. 


mes, and 
lifi'd, for the 
diluted, 


uw WEE COE eae Áo MEM eee 


Oe 


Mrerocraputa. 

more diftintt, the further cde f is removed from the trajecting fiole, 

So that upon the whole, we fhall find that the reafon of the Phevomes 
za Ícems to depend upon theobliquity of the orbicular pulfe,to the Lines of 
Radiation.and in particular,that the Ray e d which conftitutes the scar- 
let hasitsinner parts, namely thofe which are next to the middle of the 
luminous body, precedent to the outermoft which are contiguous to the 
dark arid weradiatizg fie. And thatthe Ray ef which givesa Blye, has 
its outward part,namely, that which is contiguous to tlie dark fkie prece- 
dent to thepulfe from the innermoft, which borders-on the bright area 
of the luminous body: Bir -328tti 
- Wemay obferve further,that the caufe of the diluting of the colours to: 
wards the middle,proceeds partly from the widenefs of the holé through 
which the Rays pafs, whereby the Rays from feveral parts of the lumi- 
notis body, fall upon many of the fame parts between c and fas is mote 
manifeft by the Figure: And partly alfo from the natute of the refraQion. 
itfelf, for the vividnefs or {trength of the two terminating colours, arifing 
chiefly as we have feen, from the very great difference that is betwixt the 
outfides of thofe oblique undulations & the dark Rays circumambient,and 
that difparity betwixt the approximate Rays,decaying gradually : the fur- 
ther inward toward the middle of the luminous body they are remov'd, 
the more muft the colour approach toa white of an undifturbed light. 

Upon thé calculation of the refraction and refle&ion froth a Ball of 
Water or Glafs,we have much the fame Phexomena namely;an obliquity of 
the undulation in the fame magner as we have found it here? Which, be- 
caufe it is very much to our prefent purpofe, and affords futh an Inflancia 
crucis, as noone that I know has hitherto taken notice of, I thall furthet 
examine; For it does very plainly and pofitively diftinguifh, aiid thew, 
whiclvof the two Hjpotbefes;cither the Cartefíaz or this is to be followed, 
by affording a generationof all the colors in the Rainbow;where accord- 
ing to tke Cartefian Principles therefhould be none at al! generated. And 
fecondly; by affording an inftance that does more clofely confine the 
caufé of thefe Phenomena of colours to this prefent Hypothelis. 

And firft.for the Cartefiax,we have this to object againft it; That whereas 
he fays (Meteorum Cap.8.8e8.5. Sed judicabam unicam(vefratl ioné fcilicet.) 
ad minimi requiri C quidem talem mt ejus effettus alid tontratid (refraüii- 
one)non deftruatur : Nam experientia docet fi füperficies NMG NP ( nempe 
refringentes) Parallele: forent, radios tantundem per alteram iterum erectio? 
quantum per una frangerentur grullos colores depitturot s, This Principle of 
his holds true indeed in:a prifme where the refracting firfaces are plain, 
but is contradicted bythe Ball or Cylinder, whether of Water or Gla, 
where therefracting furfaces are Orbieular or Cylindrical. For if we ex- 
amine the:paflage of any Globule or Ray of the primary Iris,we fhall find 
it to pafs out of the Ball or Cylinder again, with the fame inclination and 
refraction that it enter'd in withall; and that that laft refraction by means 
of thé imtermediate reflection thall be the fame as if without any 
reflection at all the:Ray had been twice refraéted by two Parallel 
fuxfaces; : 
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And that this is true, not onely in one, but in every Ray that goes to 
the conftitution of the Primary Iris; nay; in every Ray, that fuffers only 
two refractions,and one reflection, by the furface of the round body, we. 
{hail prefently fee moft evident, if we repeat the Cartefian Scheme, men- 
tioned in the tenth Se&ioz of the eighth Chapter of his Meteors, where 
schem.6. EF K N P. in the third Figure is one of the Rays of the Primary Iris, 
Hed. ewicerefractedat F and N, and once reflected at K by the furface of the 

Water-ball. For, firftitis evident, that KF and KN are equal, becaufe 

K N being the reflected part of KF they have both the fame inclination, 

on the furface K that is the angles F K T, and NKV made by the two 
Rays and the Tangent of K are equal,which is evident by the Laws of te- 
flection ; whence it will follow alfo; that K N has the fame inclination on 
the furface N, or the Tangent of it X N that the Ray KF has tothe fur- 
face F,or the Tangent of it F Y, whenceit mutt neceflarily follow,that 
the refractions at F and N are equal, that is, KF Eand KN P are equal, 
Now, that the furface N isby the reflection at K made paralle] to the fur- 
face at F, is evident from the principles of reflection; for reflection ye 
nothing but an inverting of the Rays,if we re-invertthe Ray KN P, 
make the fame inclinations below the line T K V that it has above; it will 
be moft evident, that K H the inverfe of K N will be the continuation of 
the linc F K, and that L HI the inverfe of O X is parallel to F Y. And 
HM the inverfe of NP is Parallel to EF for the angle K HI is equal - 
to KNO which is equal to K F Y, and the angle KH M is equal to KNP 
which is equal to K F E which was to be prov d. 

So that according to the above mentioned Cantefian principles thete 
fhould be generated no celour at all in a Ball of Water or Glafs by two. 
refractions and one reflection, which does hold moft true indeed, if the 
farfaces be plain, as may be experimented with ary kind of prifme where 
the two refracting furfaces are equally inclin'd to the reflecting 5 but in 
this the Phenomena are quite otherwife. : j ia 

The caufe therefore of the generation of colour muft not be what Des 
Cartes afligns, namely, a certain rotation of the-Globuli etheretjwhichare — 
the particles which he fuppofes to conftitute the Pe//cid mtdinm, But — 
fomewhat elfe, perhaps what we havelately fuppofed, andfhall byand 
by further profecute and explain. | Css vs RN 

But,Firft I fhall crave leave to propound fome other difficultiesof his, — 
notwithftanding exceedingly ingenious Hyporbefis; which I plainly confefs | 
to me feemfuch; and thofeare, WA EM 

Firft, if that light be. (as is affirmed, D7opt. cap: bo $.8.) noto pro- — 
perly a motion,‘as an action or propenfion to motion; I cannot conceive — 

ow theeye can come to be fenfible of the verticity of a Globule; which ig 
generated ina drop of Rain; perhapsa mile off from it. For that Globuleis — 
not carry d. to the €ye according to his formerly recited Principle;and if — 
not fo, cannot conceive how it can communicate its retation, or circular - 
motion tothe line of the G/ebsles between the drop and the eye. It can- 
aon prr means of every ones turning the next before him ; for if fo, chen g 
onely all the Globules that are in the odd places muft be turned the fame — 
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and 18.be calculated in ftead of 16.and 17; 
both which does moft exactly agree with the Phenomena : For if the Sun, 
lacéd about E e; and the eye about 


Pp, the Rays EF € frat 16. and 17. will paint the fide of the luminous" 
obje& toward # p Blue,and towards N P Red. But the quite contrary will 
happen when EF is 17. and ef 18. for then towards N P fhall be a Blue,’ 
and towards #p a Red, exactly according to the calculation. And there 
appears the Blue of the Rainbow, where t ‘ 
Imagcs unite, and there the Red where the two Red fides unite, that is, 
where the two Images are juft difappearing 5 which is, whenthe Kays 
EF and NP produc d till they meet,make an Angle of about 41. and an 
half; the like union is there of the two Images in the Production of the 
secundary Iris, and the fame caufes, as upon ca 


onely with this difference, that it isfomewhat more faint, by realon of the 
weaken the impulfe the oftner 


it isrepeated. ; : 
Now, though the fecond refraction madeat Nz be convenient,that is, 


do make the Rays glance the more, yet js it not altogether requifite 5 for: 
it is plain from the calculation, that the pulfe d 1s fufficiently oblique to 


the Rays K N and 4 »,as welasthe pulfe fc is oblique to theRaysF K & FR, 
And therefore if a piece of very fine Paper beheld clofe againft N z and 
the eye look on it either through the Ball as from D, or from the other 
fide, as from B. there (hallappeara Rainbow, or colour d line painted on. 
it with the part toward X appearing Red, towards O, Zlue s the fame alfo 

fhall happen; if the Paper be placed about K k, for towards T fhall ap- 


cár a Red, and towards V a Blue, which does exactly agree with this my 
Hypothefis, as upon the calculation of the progrefs of the pulfe will moft 
eafily appear. if 

Nor do thefe two obferva tions of the colours appearing to the eye a- 
bout p differing from what they appear on the Paper at N contraditt each 
other s but rather confirm and exactly agree with one another, as will be 
evident to him that examines the reafons fet down by the ingenious. 
Des Cartes in the 12. Set. of the 8. Chapter of his Meteors, where he 
gives the true reafon why the colours appear of a quite contrary order 
to the eye, to what 
fteedofthe Paper: And as in the Prifme, fo alfoin the Water, Drop, or: 
Globe the Phenomena and reafon are much the fame. 

Having therefore fhewn that there is füch a propriety in the prifme 
and water Globule whereby the pulfe is made oblique to the progreflive, 
and that. ó much the more, by how much greater the refractionis, I fhall 
in the next place confider, how this conduces to the production of co- 
louts;and what kind of impreffion it makesupon the bottom of the eye; 
and co:this end it will. be requifite to examine this Hypothefis a little more 
particularly. i 
© «Pirfi therefore, if we confider the manner of the progrefs of the pulfe, 
it will feem rational to conclude, that that part or end ofthe pulfe which 
precedesthe other, mutt neceffarily befomwhat more obtunded,or ie 
: y 


they appear'd on the Paper if the eye be placdim 
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by the refiftance of the tranfparent edium, thar the other part or end of 
it which is fubíequent; whole way is, asit were, prepared by the other 

efpecially if the adjacent sedium be not in the fame manner enlightned 

or agitated, And therefore(in the fourth Figure of the (ixth Jcozif the 

Ray AAAHB will have its fide HH more deadned by the refiftance 

of the dark or quiet medina P P P; Whence there will be a kind of dead- 

nef: fuperinduc d onthe fide H H H, which will continually increafe from 

B, and {trike deeper and deeper into the Ray by the line B Ro; Whence 

all the parts of the triangle, R BHO will be of a dead B/ve colour, and 

fo much the deeper, by how much the nearer they lie to the line BH H; 

whichis moft deaded or impeded, and fo much the mare dilute, by how 

much the nearer it approaches the line BR, | Next. on the other fide of 
the Ray AAN, the end A of the pulfe AH willbe promoted, or made 

ftronger, having its paflage already prepar d as ‘twere by the other parts 

preceding,and {o its impreflicn wil be ftrongersAnd becaufe of its oblzgui- 

ty to the Ray.there will be propagated a kind of faint motion into QQ. 
the adjacent dark or quiet aedium, which faint mation will fpread fur- 

ther and further into Q Q_ as the Ray is propagated further and further 

from A,namely,as far as the line M A, whence all the triangle MAN will 

be ting’d with a Red, and that.Red willbethe deeper the nearer it ap- 

proaches the line MA, and the paler or yelewer the nearer it isthe line 

NA. And ifthe Ray becontinued,fo that the lines A N andBR (which 

are the bounds of the Red and Blue diluted) dameet and crofseach other, 

there will be beyond that interfection generated all kinds of Greews, 

Now.thefe being the proprieties of every fingle refraded Ray.of light, 

it will be eafie enough to confider what muft be the refult of very many 
fuch Rays collateral; As if we fuppofe infinite fuch Rayszterjacent be- 
tween AKSB and AN O B, which are the terminating » For in thiscafe 
the Ray A K S B will have its Red triangle intire;as lying next to the dark 
or quiet wedium, hutthe other fide of it BS will have no Blue, becaufe 
the medium adjacent to it § B O, ismov'd or enlightned,and confequent- 
ly thar light does deftroy the colour. So lilewile will theRay AN OB 
lofe its Red;becaufe the adjacent medium is mov'd or enlightned,but the 
other fide of the Ray that is adjacent to the dark, namely, AHO will 
preferve its Z/ue entire, and thefé Rays muft be fo far produc'd as til! 
AWN and BR cut eachother, before there will be any Green produc d. 
From thefe Proprieties well confider'd, may be deduc d the reafons of all 
the Phenomena of the prifme, and ofthe Globules or drops of Water which 
conduce to the preduction of the Rainbow. 

Next for the impreffion they make.onthe Retina, we will further ex- 
amine this Figpethe’e : Suppofe therefore ABC D EF in the fifth Figure, 
to reprefent the Ball of the eyes\on the Caryea of which AB C two 
Rays GACH and K CAI (which are the er of a lumi- 
nous body) falling, are by the refra£tion theréof collected or comverg 4 
into two points at the bottom ef the eye. Now, becaufe thefe termi- 
nating Rays, and all the ivtermedéate\ ones which come from any part of 
the luminons body, ave fuppos d by fome fafficient refraction before they 
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trary of this will happen,if 17.and 18.be calculated in ftead of 16.and 17; 
both which does moft exactly agree with the Phenomena : For if the Sun, 

or à Cándle (which is better) be placed about Ee, and the eye about 
Pp, the Rays E F ef: at 16. and 17. will paint the fide of the luminous 
obje& toward » p Elue,and towards N P Red. But the qu 
happen when E Fis r7. and ef 18. for then towards N P (hall be a Blue,’ 
and towards #p a Red, exactly according to the calculation. And there 

appears the Blue of the Rainbow, where the two Blue fides of the two 

Images unite, and there the Ked where the two Red fides unite, that is, 
where the two Images are juft difappearing 5 which is, whenthe Rays 
EF and NP produc d till they meet,make an Angle of about 41. and an 
half; the like union is thereof the two Images In the Production of the 
secundary Iris, and the fame caufes, as upon calculation may appear 5 
onely with this difference, that it is fomewhat more faint, by reafon of the 


- duplicate reflection, which does always weaken the impulfe the oftner 


it isrepeated. : ; 
Now, though the fecond refraction made at Nz be convenient,that 1s, 


do make the Rays glance the more, yet is it not altogether requifite 5 for: 
it is plain from the calculation, that the pulfe d# 1s fufficiently oblique to 
the Rays K Nand 4 »,as welas the pulfe fis oblique to the Rays F K RR 
And therefore if a piece of very fine Paper be held clofe againft N # and 
thé eye look on it either through the Ball as from D, or from the other 
fide, as from B. there fhall appear a Rainbow, or colour d line painted on. 
it with the part toward X appearing Red, towards O, Blue the fame alfo 
(hall happen; if the Paper be placed about K 4, for towards T fhall ap- 
cát a Red, and towards V a Blue, which does exactly agree with this my 
Hypothefis, as upon the calculation of the progrefs of the pulfe will moft 
eafily appear. 

Nor do thefe two obfervations of the colours appearing to the eye a- 
bout p differing from what they appear on the Paper at N contradi& each 
other s but rather confirm and exactly agree with one another, as will be 
evident to him that examines the reafons fet down by the ingenious. 
Des Cartes in the 12. sedi. of the 8. Chapter: of his Meteors, where he 
gives the true reafon why the colours appear of a quite contrary order: 
to the eye, to what they appear'd on the Paper if the eye be placdin 
fteedofthe Paper: And as in the Prifme, fo alfoin the Water, Drop; oF 
Globe the Phenomena and reafon are much the fame. 

Having therefore fhewn that there is füch a’ propriety in the prime 
and water Globule whereby the pulfe is made oblique to the progreflive, 
and that.fó much the more, by how much greater the refractionis, I fhall 
in the next place confider, how this conduces to the production of co- 
louts;and what kind of impreffion it makes upon the bottom of the eyes 
and to'this end it ‘will be requifite to examine this Hypothefis a little more 
particularly. i 
© fFirftthercfore, if we confider the manner of the progrefs of the pulfe, 
it willfeem rational to conclude, that that part or end ofthe pulfe which 
precedes the other,mutt neceflarily befomwhat more obtunded,or inp 
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by the refiftance of the tranfparent sedium, than the other part of end of 
it which is fubfequent, whofe way is, asit were, prepared by the other 

efpecially if the adjacent sedium be not in the famé manner enlightned 

oragitated. And therefore(in the fourth Figure of the fixth Iconifiz )the 

Ray AAAHB will have its fide HH more deadned by the refiftance 

of the dark or quiet ezedzuz: P P P, Whence there will be a kind of dead- 

nefs fuperinduc d onthe fide H H H, which will continually inereafe from 

B, and {trike deeper and deeper into the Ray by the line B R.5 Whence 

all the parts ofthe triangle, R BHO will be of a dead Z/ue colour, and 

fo much the deeper, by how much the nearer they lie to the line BH H; 

which ismoft deaded or impeded, and fo much the mare dilute; by how 

much the nearer it approaches the line BR. . Next. on the other fide of 
the Ray AA N, the end A of the pulfe AH willbe promoted, or made 

ftronger, having its paflage already prepar d as twere by the other parts 

preceding,and fo its impreflicn wil be ftrongersAnd becaufe of its obliqui- 

£y to the Ray,there will be propagated a kind of faint motion into Q O, 
the adjacent dark or quiet #edium, which faint motion will fpread fur- 

ther and further into Q Q . 3s the Ray is propagated further and further 

from A,namely,as far as the line M A,whence all the triangle MAN will 

be ting/d with a Red, and that Red will be the deeper the nearer it ap- 

proaches the line MA, and the paler or ye/ower the nearer it isthe line 

NA. And if the Ray becontinued,fo that the lines: A N and BR (which 

are the bounds of the Red and Blue diluted) dameet and crofseach other, 

there will be beyond that interfection generated all kinds of Greews, 

Now.thefe being the proprieties of every fingle refraded Ray.of light, 

it will be eafie enough to confider what muft be the refult of very many 
fuch Rays collateral: As if we fuppofe infinite fuch Rays zterjacent be- 
tween AKSB and AN OB, which are the terminating : For in this cafe 
the Ray A K S B will have its Ked triangle intire,as lying next to the dark 
or quiet wedinm, butthe other fide of it BS will have no Bive, becaufe 
the medium adjacent to it 8 B O, ismov’d or enlightned,and confequent- 
ly thar light does deftroy the colour, So liewids will theRay-AN OB 
lofe its Red,becaufe the adjacent medium is mov'd or enlightned,but the 
other fide of the Ray that is adjacezt to the dark, namely, AHO will 
preferve its Blue entire, and thefé Bays mutt be fo far produc d as til! 
AWN and BR cut eachother, before there will be any Green produc d. 
From thefe Proprieties well confider’d, may be deduc‘d the reafons of all 
the Pheuomena of the prifine, and ofthe Globules or drops of Water which 
conduce to the preduction of the Rainbow. 

Next for the impreffion they make. onthe Retivg, we will futther ex- 
amine this petia : Suppofe therefore ABC D EF in the fifth Figure, 
to reprefent the Ball of the eye: on the Cerwea of which AB C two 
Rays GACH and KCAI (which are theterminating Rays of a lumi- 
nous body) falling, are by the ‘refraction thereof colletted or converg d 
into two points at the bottom of the eye. Now, becanfé thefe termi- 
nating Kays, and all the ;zterzzediate ones which come from any part of 
the luminons body, axe fuppos d by fome fafficient refraction before they 
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enter the eye, to have their pulfes made oblique to their progreffion, and 
confequently each Ray to have potentially japeriuduc d two proprieties, 
or colours;viz. a Red on the one fide, and a Blue on the other, which not- 
withftanding are never actually manifeft,butwhen this or that Ray hasthe 
one or the other fide of it bordering on a dark or unmov'd zedium xhere- 
fore as foon as thefe Raysare entred into the eye.and fo have one fide of 
each of them bordering on a dark part of the humours of the eye, they 
will each of them actually exhibit ome colour ; therefore A D C the pro- 
duction G A CH will exhibita Blve,becaufe the fide C D is adjacent tothe 
dark wedinmC Q.D C,but nothing ofa Red,becaufe its fide A D is adjacent 
to the enlightned zediuz A DF A : And all the Rays that from the points 
ofthe luminous body are collected on the parts of the Retz between D 
and F fhall have their B/e fo much the more diluted by how much the far- 
ther thefe points of collection are diftant from D towards F ; and the Ray 
AF C the production of K C AI, will exhibit a Red, becaufe the fide A F 
is adjacent to the dark or quiet zzediuz of the eye APF A, but nothing 
ofa Blue,becaufe its fide CF is adjacent to the enlightned medinm CF D C, 
and all the Rays from the intermediate parts of the luminous bedy that 
are collected between F and D fhall have their Red fo much the more di- 
luted, by how much the farther they are diftant from F towards D. 

Now,becaufe by the refraction in the Corzea;and fome other parts of the 
eye, the fidesof each Ray, which before were almoft parallel, are niade 
to converge and meet in a point at the bottom of the eye, therefore that 
fide of the pz//é which preceded before thefe refractions, fhall firft touch 
the Retina, and the other fide laft. And therefore according as this or 
that fide; or.end of the pulfe fhall be impeded, accordingly will the zzz- 
preffions on the Retina Ke varied; therefore by the Ray GACH re- 
fracted by the Corzea to D there fhall beon that point a ftroke or impref- 
fion confusd, whofe weakeft end, namely, that by the line C D fhall pre- 
cede, and the ftronger, namely, that by theline AD {hall follow. And 
by the Ray KCAT refracted to F, there fhall be on that part a confus'd 
ftrokeor impreflion,whofe ftrongeft part,namely.that by the line C F thal 
precede, and whofe weakeft or impeded, namely, that by the line AF 
Íhall follow, and all. the intermediate points between F and D will re- 
ceive impreflion from the cozverg d Rays fo much the more like the ini- 
n: on. F and D by how much the nearer they approach that 
or this. T 

From the confideration of the proprieties of which impreffions,we may 
collect thefe fhort definitions of Colours : That Blue is az impre(fion on 


the Rétina of an oblique and confus'd pulfe of light, whofe weakeft part pre- 


cedes, and whofe firongest follows. And, that Red i an impreffion on the Re- 
tina of an oblique and confus d pulfe of light, whofe firongeft part precedes,and 
whofe weakeft follows. 
Which proprieties,as they have been already manifefted in the'Prifme 
and falling drops of Rain, to be the caufes ofthe colours there generated, 
may be eafily found to be the efficients alfo of the: colours ‘appearing in 


thin laminated tranfparent bodies; for the explication of which;all this has 
been premifed, And 
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And that this is fo, a little clofer examination of the Phexémend and 
the Figure ofthe body, by this Hypothefis, will make evident. 

For firft (as we have already obferved) the laminated body muft be 
of a determinate thicknef, that is, it muít not be thinnerthén füch a des 
terminate quantity 5 for I have always obferv'd, that neer thie edges 
of thofe which are exceeding thin, the colours difappear, and the part 
grows white 5 nor muft it be thicker then anotlier determinate quantity ; 
forI have likewife obferv'd, that beyond füch a thicknefs,no ¢olours ap- 
peard, but the Plate looked white, between which twa determinate 
thicknefies were all-the colour'd Rings; of which in fome fübftances T 
have found ten or twelve, in others not half fo many, which Ifappofe des 
pends much upon the tran{parency of the lamisrated body. Thus though 
the confecutions are the (ame in the fcumm or the {kin on the top\of me« 
tals; yet in thofe confecutions the fame colour is not fo often repeated 
as in the confecutionsin thin GlafS, or in Sope-water, or any other more 
tranfparentand glutinous liquor; for in thefe I have obíerv'd, Red, vel- 
low, Green, Blue, Purple Red,tellow,Green,Bluc, Purples Red,tellow,Green; 
Blue, Purple 5 Red, Yellow, &c. to fucceed each other,ten or twelve times, 
but in the other more opacous bodies the confecutions will not be half 
fo many. . 

And therefore fecondly, the deminated body mutt be tranfparent, and 
this [argue from this, that I have not been able to produce any colour 
at all with an epaceus body.though never fo thin, -And chis I have often 
try d, by preffing a fmall Glebule of Mercury between two-fmodth Plates 
of Glafs, whereby I have reduc'd that body to a much greater thinnefs 
then was requifite to exhibit the colours with a tranfparent body, 

Thirdly,there mutt be a confiderable reflecting body adjacent tothe 
under or further fide of the lamina or plate: for thisl always found,that 
the greater that refle&ion was;* the more vivid were the appearing 
colours. 

From which Obfervationsjit is moft evident,that the reflection from the 
under or further fide of the bodyis the principal caufe of the production of 
thefe colours 5 which,tharit is fojand how it conduces to that effectI thall 
further explain in the following Figure,which is here deícribed of a very 

reat thicknefs, as ifit had been view'd through the Microfcope s and 'tis 
indeed much thicker thanany A24crofcope(I have yet us'd)has been able to 
fhew me thofe colour'd plates of Glafs, or Avy couie-gla(s, which I have not 
without much trouble view d withit 5 for though] have endéávoured to 
magnifie them as much as the Glafles were capable of, yet are they fo ex- 
ceeding thin, that I have not hitherto been able pofitivelyi to determine 
their thicknefs. This Figure therefore 1 here reprefent,'iswholy Hy« 
potbetical. J HOD 

Let ABCDHFE in the ffixth Figure bea frufiniz. of Mufcovy-glafs, 
thinner toward the end A E, and thicker towards DF. - Let.us firtt fup- 
pofe the Ray a & / coming from the Sun, or fome: remote luminous 
obje& to fall obliquely on the thinner plate BARE, part therefore is res 
flected back, by c g 4 d, the firft super, tud whereby the perponiiminl 

pulfe 
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pulfe ab is after reflection propagated by c d, c d, equally remote from 


cach other with ab, 4b; fo that ag * ge, OF bb*bd are either of 
them equal to 4 4, as is aif cc, but thebody BAE being tranfparent,a 
part of the light of this Ray is refra&ed in the furface A B, and propa- 
gated by £7 &^ to the furface EF, whence 1t 15 reflected and refracted 
again by the furface AB. So that after two refractions and one reflection, 
there is propagated a kind of fainter Ray e 77 f, whofe pulfe is not on- 
ly weaker by reafon of the two refractions In the furface A B, but by rea- 
(on of the time fpent in pafling and repaffing between the two furfaces 
AB and EF, ef which is this fainter or weaker pulfe comes behind the 
pulfe cd 5 fo that hereby (the farfaces A B, and EF being fo neer toge- 
ther, that the eye cannot diferiminate them from one) this confusd or 
duplicated pulfe, whofe ftrongeft part precedes, and whofe weakeft fol- 
lows, does produce on the Retiza (or the optich, nerve that covers the 
bottom o£ the eye) the fenfation ofa Tellow. 

And fecondly, this Telom will appearío much the deeper, by how 
muchthe further back towards the middle between cd andc4 the fpu- 
rious pulfe ef is remov d, as in 2 where the furface B C being further 
remov'd from EF, the weaker pulfeef will be nearer to the middle, and 
will make an impreffion on the eye of a Red. 

But thirdly, if the two reflecting furfacesbe yet further remov d afun- 
der ‘(as in 3 CD and EF are) then will the weaker pulfe be fo farr 
behind, thatit will be more then half the diftance between € d and cd. 
And in this cafe it will rather feem to precede the following ftronger 
pulfe, then to follow the preceding one, and confequently a Blue will be 
generated. And when the weaker pulfe is juft in the middle beween two 
{trong ones, then is a deep and lovely Purple generated; but when the 
weaker pulfe ef is very neer to cd, then is there generated a Green, 
which will be bier, or yeLower, according as the approximate weak pulfe 
does precede or follow the ftronger. | 

Now fourthly, ifthe thicker Plate chance to be cleft into two thinner 
Plates, as CDFE is divided into two Plates by the furface GH then 
from the compofition arifing from the three reflections in the furfaces 
CD, GH, and EF, there will be generated feveral compounded or mixt » 
colours, which will be very differing, according as the proportion be- 
tween the thickneffes of thofe two divided Plates C DHG, and GHF E 
are varied. 

And fifthly, if thefe furfaces CD and F E are further remov'd afunder, 
the weaker pulfe will yet lagg behind much further, and not onely be 
coincident with the fecond, c d, but lagg behind that alfo, and that fo 
much the more, by how much the thicker the Plate be; fothat by de~ 
grees it will be coincident with the third c d backward alfo, and by de- 
Ec as the Plate grows thicker with a fourth, and fo onward to a fifth, 

ixth, feventh, or eighth fo that if there be a thin tranfparent body,that 
from the greateft thinnefs requifite to produce colours; does, in the man- 
ner of a Wedge.by degrees grow to the greateft thicknefs that a Plate can 
be ofto exhibit a colour by the reflection of Light from fucha body,thers : 
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fhall be generated feveral confectitions'of colours whofe ot dey fey dii 
thin end towards the thick; {hall be Vellem; Red Purple Blue, Crvens Tele ys 
Red,Purple;Blue,Green + T. ellow RedsPurple, BlueiGulesoróllow;&o: hid thafa 
Ío often repeated, as the weaker pile: does Tofe paces with its Divi iy? 
or firft pulfe, and is coizeidezt with a fecond; thikdg foürth;fifttiifisty 2. 
pulfe behind the firft: (And this, as itis coizcideatyok follows-fiosrthe 
firft Hypothefis I took of colours,fo upen exerimerit have T forindtit ity nuts 
titudes of inftancesthat feem to prove it. ‘One thingwhich feéms 1f; tke 
greateft concern in this Hyporhefis, isto determine the. greatéfbor leat 
thicknefs tequifite for theíe efletts; which;:though-Ihave- not beemylies 
ing in attempting, yet fo exceeding thiri are thefe coloured; Pláres; ürd £y 
imperfect our Zdjcrofcape;that I have not been hithertó füccefsfullithoupli 
if my endeavours hall anfwer my expettations,] thallhope to grátifie the 
curious Reader with fcme things more remoy'd ‘beyond ‘our feüchy 
hitherto. AS ; Shae ; 
Thus have Lwith as much brevity as T was able, endeavoured tojexpli- 
cate (Hypothetically at leaft) the caufes of the Phenoisenn I formerly-reu 
cited; on the confideration of which Ihave been! the more patticular: 
Firft, becaufe I think thefe I have newly given are capable of égpli- 
cating all the Phenomena of colours, not onely of thofe appearing in the 
Prifme, Water-drop, or Rainbow, and in laminatedor plated bodies, But 
of all that are in the world, whether:they be fluidvér folid bodies! whe2 
ther in thick or thin, whether tranfparent, ‘or feemingly opacous,4¢ T 
{hall in the next Obfervation further endeavour to thew. And fecondly. 
becaufe this being one: of the two ornaments of al] bodies difeoverable 
by the fight, whether looked on with; or without a Microscope, it fcem'd 
to deferve (fomewhere in this Tract; which contains a; defcription of the 
Figure and Colour of fome minute bodies) to be Íoméwhat the more in- 
timately enquir'd into: 


a ean ie SIREN ERS = 
Obferv. X. Of Metalline; and other. réal Colours. i 


Hi inthe former Difcourfe, from the Fundamental caufe of Co: 
lour, made it probable; that thereare but two. Colours, and fhewn; 
that the Phanta/m of Colour is causd bythe fenfation of the oblique\or 
uneven pulfe of Light which is capable of no mone varieties than tw6 
that arife from the two fides of the oblique pulle, though each-of thofé 
be capable of infinite gradations or degrees. (each: of ther beginning 
from White, and ending the one inthe deepeft Scarletor Yellow, the other 
in the deepeft' B/ze) I fhall in this Seez.fet down.fome Obfervations 
whichIhave made of other colours, fuch. as: Asetalline powders tinging 
or colourd bodies and íeveral kinds. of tin@ures or ting d liguions; all 
which, together with thofe I treated of in the former-Obfervation will, 
I fuppofe, comprife the feveral fubjects ini which colour isobferv’d to 
be inherent, ad the feveral manners by, which it inheres, or isapparent 
L 2 NI 
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i And hereTihall endeavour to fhew by what compofition all kind 
MU eo gone niade, and: how there 1s no colour in the world 
but may.be made from the various degrees of thefe two colours; together 
with the intermixtures of Black and White. ; 

And. this being fo,'as I fhall anon fhew; it feems: an evident argument 
to me, that all colours whatfoever, whether in fluid or folid, whether 
in very tranfparent. or feemingly epacous, have the fame efficient. caufe, 
to. wit, íome kind of refraction whereby the Rays that proceed 
from fuch bodies, have their pulfe obliquated or confusd in the manner I 
explicated.in the former sedfions that is, a Red is caus d by.a duplicated 
or confus d pulfe, whofe ftrongeft pulfe precedes,and a weaker follows : 
and a Biie is caus d by a confus d pulfe,where the weaker pulfe precedes, 
and the ftronger follows: : And according as thefe are, more or lefs, or 
variouíly.mixt and cdmpounded, fo are the femfatios, and. confequently 
the phantafms of colours diverfified. 
Eo proceed therefore; 1 fuppofe, that all tranfparent colour d bodies, 
whether fluid or folid, do confit at leaft of two parts, or two kinds of 
fübftahces, the one of a fubftance of a fomewhat differing refradion from 
the other... Thatone of thefe fubftances which may be call'd the tzmging 
fabftance, does confift of diftin& parts, or particles of a determinate big- 
nef which are diffeminated, or difpers d all over the other : That thele 

articles; if the body be equally and uniformly colourd, are evenly 
rang d and difpersd: over the other contiguous body 5 That where the 
body, is deepeft ting d, there thefe particles are rang d thickeft ; and 
where tis but faintly ting d, they are rang d much thinner, but uniformly. 
That by the mixture of another body that unites with either of thefe, 
which has a differing refraction from either of the other, quite difleri 
effects will be produe'd,thatis,the confecutions of the confusd pulfes vil 
be much of another kind, and confequently produce other fezfations and 
phantafins of colours, and from a Red may turn to a Blve, or from a Blue 
to a Red, &c. 

Now, that this may be the better underftood, I fhall endeavour to ex- 
plain my meaning a little more fenfible by a-Scheme :. Suppofe we there- 
fore in the feventh Figure of the fixth Scheme, that AB CD reprefentsa 
Vellel holding a ting'd liquor, let I I TI b&c. bethe clear liquor,and let 
the tinging body that ismixt with it be E E, &. FF, Oc. GG, €. 
HH;é. whofe particles (whether round, ‘or fome other determinate 
Figureis little to our purpofe) are firft of a determinate and equal bulk. 
Next, they are rang’d into the form of Quincunx, or Equilaterotriangu- 
lar order; which that probably they are fo,and whythey are fo,1 fhall elfe- 
where endeavour to fhew.Thirdly,they are of fuch a nature,as does either 
more eafily or more difficultly tranfmit the Rays of light then the liquors 
ifmore eafily,a B/neis generated, and if more difficultly, a Red or Scarlet. ' 

And firft, let us fuppofe the tinging particles to be of a fubftance that 
does more impede the Rays of light, we fhall find that the pulfe of 
wave of light mov d from A D' to B C, will proceed on,through the cor 
taining medium by the pulíes or waves KK, LL, MM, NN, OO; rer 
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becaufe fevetal of thefe Rays that go. to the conftitation of tliefe pulíes 
will be flugged or ftopped by the tinging particles EJF,C,H s therefore 
there fhall be a feewndary and weak pulfethat fhall follow the Ray, name- 
ly P P which willbe the weaker: firft, becaufe it has fuffer'd many re- 
Íradions in the impeding body; next, for that the Rays will bea little 
difpers d or confus'd by reafon ofthe refraction in each of the particles, 
whether round or angular; and this will be more evident, if we a little 
more clofely examine any one particular tinging Globale. 

Suppofe we therefore A B in the eighth Feure of the fixth Scheme, to 
reprefent a tinging G/obule ot particle which has a greater refraction than 
the liquor in which itis contain'd : Let CD bea part of the pulfe of light 
which is propagated through the containing »zediuzes this pulfe will bea 
little ftopt or impeded by the Globyle, and fo by that time the pulfe is 
paft to E F that part of it which has been impeded by paffing through the 
Globule, will get but to L M, and fo that pulfe which has been propa: 
gated through the G/obule, to wit, LM, NO, PQ, will always come 
behind the pulfes EF, GH, IK, ec. 

Next, by reafon of the greater impediment in A B, and its Globular Fi- 
gure, the Rays that pafsthrough it will be difpers'd, and very much {cat- 
ter' d. Whence C A and D B which before went dzred and para//el, will after 
the refraction in A B, diverge and fpread by A P, and BQ; fo thatas the 
Rays do meet with more and more of thefe tinging particlesin their 
way, by fo much the more will the pulfe of light further lage behind 
the clearer pulfe, or that which has fewer refractions, and thence the 
deeper will the colour be, and the fainter the light that is trajeéted 
through it; for not onely many Rays are reflected from the furfaces of 
AB, but thofe Rays that get through it are very much difordered. 

By this Hypohefis there isno obe experiment of colour that Ihave yet 
met with, but may be; I conceive, very rationably folv'd, and perhaps; 
had [ time to examine feveral particulars requifite to the detnonftratiori 
of it, might prove it more than probable, for all the experiments about 
the changes and mixings of colours related in the Treatife of Colours, 
publifhed by the Imcomparable Mr. Boyle, and multitudes of others which 
I have obferv’d, do fo eafily and naturally flow from thofe principles,that 
Iam very apt to think it probable, that they own their productionto no 
other fecuzdary caufe : Asto inftance in two or three experiments. In the 
twentieth Experiment, this Noble Authour has {hewn that the deep b/xifh 
purple-colour of Violets, may be turn'd into a Green, by Alcalizate Salts, 
and toa Red by acid; that is, a Purple confifts oftwo colours, à deep Red, 
and a deep Blue; when the Bizeis diluted, or alteted, or deftroy d by 
acid Salts,the Red becomés predominant, but when the Red is diluted by 
Alcalizate, and the Blue hcightned, there is generated a Greens for of a 
Red diluted, is made a TeZei», and Yellow and BlnetmakeaGree#. 

Now, becaufe the /burzows pulfes which caufe a Red and a Eie, do the 
one follow the clear pulfe, and the other precedeit, it ufwally follows, 
that thofe Salize refracting bodies which do dilute the colour of the one, 
do deepen that of the other. And this will be made manifeft . 
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: ! fe colours 

moft all kinds of Purples, and many forts of Greevs, both thele colours’ 

confifting of mixt EBlniei for if we fuppofe A and A inthe pe Figure; 

to reprefent two pulfes of clear light, which follow each ot a at Gott 
venient diftance, A A, each of which has a fpurious pulfe preceding 1t, as 
BB. which makes a B/ve,and another following It, as CC, which makesa 
Red, the one caus d by tinging particles that have a greater refraction,the 
other by others that have a lef refracting quality then the liquor or 
Menfiruum in which thefe are difolv'd, whatfoever liquor does fo alter 
the refraction of the one, without altering that of the other part of the 
ting d liquor, muft needs very much alter the colour of the liquor 5 for 
sf the refraction of the diffolvent be increas d, and the refraction of the 
tinging ‘particles not altered, then will the preceding fpurious pulfe be 
fhortned or ftopt, and not out-run the clear pulfe fo much; fo that BB 
will become EE, and the Blue be diluted, whereas the other fpurious 
pulíe which follows will be made to lagg much more, and be further be- 
hind A A than before, and CC will become f f, and fo the Yellow or 
Red wil! be heightned. : 

A Saline liquor therefore,mixt with another ting'd liquor,may alter the 
colour of it feveral ways, either by altering the refraction ofthe liquor in 
which the colour fwims : or fecondly by varying the refraCtion of the co- 
loured particles, by uniting more intimately either with fome particular 
corpufeles of the tinging body, or with all of them, according as it hasa 
congruity to fome more efpecially, or toall alike: or thirdly, by uniting 
and interweaving it felf with fome other body that is already. joyn'd 
with the tinging particles, with which fubftance it may have a congruity, 
though it have very little with the particles themfelves: or fourthly, it 
may alter the colour of a ting’d liquor by dif-joyning certain particles 
which were before united with the tinging particles; which though they 
were fomewhat cozgruons to thefe particles, have yet a greater congruzty 
with the newly zzfus d Saline menfiruum. \t may likewife alter the co- 
lour by further diffolving the tinging fubftance into {maller and ímaller 
particles, and fo diluting the colour or by uniting feveral particles toge- 
ther as in precipitations, and fo deepning it, and fome fuch other ways, 
which many experiments and comparifons of differing trials together, 
might eafily inform one of. 

From thefe Principles applied, may be made out all the varieties 
of colours obfervable, either in liquors, or any other ting d bodies, with 
great eafe, and I hope intelligible enough, there being nothing in the zo- 
tion of colour, or in the fuppos'd produétion;but is very conceivable, and 
may be poflible. 

The greateft difficulty that I find againft this Hypothefis, is, that there 
feem to be more diftin& colours then two, that is, then Yellow and Blue. 
This Objection is grounded on this reafon, that there are feveral Reds, 
Which diluted, make not a Saffron or pale Yellow, and therefore Red, or 
Scarlet (eems to be a third colour diftin& from a deep degree of Yellow. 

To which I anfwer, that Saffron affords us a deep Scarlet tincture,which — 
may be diluted into as pale a Yellow as any, either by making a weak fo- 
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lution of the Saffron, by infüfing a {mall parcel of it into a great quantity 
of liquor, asin fpirit of Wine, or elfe by looking through a very thin 
quantity of the tin&ture, and which may be heightn'd into the lovelieft 
Scarlet, by looking through a very thick body of this tin&ture;or through 
a thinner parcel of it,which is highly impregnated with the tinging body. 
by having had a greater quantity of the Saffron diflolv'd in a {mallet par- 
cel of the liquor. 

Now, though there may be fome particles of other tinging bodies that 
givea lovely Scarlet alfo,which though diluted never fo much with liquor; 
or looked on through never fo thin a parcel of ting'd liquor, will not yet 
afford a pale Yellow, but onely a kind of faint Reds yet thisis no argu- 
ment but that thofe ting dparticles may have in them the fainteft degree of 
Yellow,though we may be unable to make them exhibit it3For that power 
of being diluted depending upon the divifibility of the ting'd body, if I 
am unable to make the tinging particles fo thin as to exhibit that colour 
it does not therefore follow,that the thing is impoflible to be done; nów; 
the tinging particles of fome bodies are of fuch a nature, that unle® there 
be found fome way of comminuting them into lefs bulks then the liquor 
does diflolve them into, all the Raysthat pafs through them muft necef- 
farily receive a tin&ure fo deep, as their appropriate refractions and bulks 
compard with the proprieties of the diflolving liquor muft neceffarily 
difpofe them to emprefs, which may perhaps mt pretty deep Yellow; 
or pale Red. 

And that thisis not gratis ditfuw, I fhall add oneinftanceof thiskind, 
wherein the thing is moft manifeft. bn 

If you take Blue 5zzalt, you fball find, that to afford the deepeft Blue, 
which ceteris paribus has the greateft particles or fands; and if you für- 
ther divide, or grind thofe particles on a Grindftone, or porphyry ftone, 
you may by comminuting the {ands of it, dilute the Blue into as palea one 
as you pleafe, which you cannot do by laying the colour thin 5 for where- 
foever any fingle particleis, it exhibits as deep a Blue as the whole mafs. 
Now, there are other Blues, which though never fo much ground; will 
not be diluted by grinding, becaufe confifting of very {mall particles, ve- 
ry deeply ting d,they cannot by grinding be actually feparated into {mal- 
ler particles then the operation of the fire, or fome other diflolving men- 


firunm,has reduc'd them to already. 


Thus all kind of Z4eta/ze colours, whether precipitated, fublim’d, cal- 
cid, or otherwife prepar'd, are hardly chang'd by grinding, as w/tra 
marine is not more diluted ; nor is Vermilion or Red-lead made of a more 
faint colour by grinding; for the fmalleft particles of thefe which Ihave 
view d with my greateft Magnifying-Glafs, if they be well enlightned, ap- 
pear very deeply ting d with their peculiar colours; nor, thoughI have 
magnified and enlightned the particles exceedingly, could I in many of 
them, perceive them to be tranfparent, or to be whole particles, but the 
fmalleft fpecksthat I could find among well ground Vermilion and Red- 
lead, feem’d to be a Red mafs, compounded of a multitude of les and Jefs 
motes, which fticking together, compos'd a bulk, not one thoufand thou- 
fandth part of the fmalleft vifible fand or mote. And 
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And this I find. generally in moft Atetalline colours, that though they 
confift of parts fo exceedingly fmall;yet are they very deeply ting d,they 
being fo ponderous, and having fuch a multitude of terreftrial particles 
throng d into a little room 5 fo that ‘tis difficult to find any particle tranf- 
atent or refembling a pretious ftone, though not impoflible 5 for Ihave 
obíerv'd divers fach fhining and refplendent colours intermixt with the 
particles of Cizzaber, both natural and artificial, before it hath been 
ground and broken or flaw'd into Vermilion: As I have alío in Orpément, 
Red-lead, and Bife, which makes me fuppofe, that thofe metalline colours 
are by grinding, not onely broken and feparated actually into fmaller 
pieces, but that they are alfo flaw'd and brufed ,whence they, for the 
moft part,become opacous like flaw'd Cryftal or Glas». But for Saalts 
and werditures, Uhave been able witha Adicrafcope to perceive their par- 
ticles very many, of them tranfparent. 
Now, that the others alfo may be tranfparent, though they do not ap- 
earío to the Adierofcopemay be made probable by this Experiment : that 
if you take ammel that is almoft opacous, and grind it very well on 
a Porphyry, or Serpentine, the {mall particles will by reafon of their flaws, 
appear perfectly opacous and that ‘tis the flaws that produce this opa- 
confuef, may be argued from this, that particles of the fame Ammel much 
thicker-if unflaw’d will appear fomewhat tranfparent evento the eyes 
and from this alfo, that the moft tranfparent and clear Cryftal, if heated 
in thefire, and then fuddenly quenched, fo that it be all over flaw d, 
will appear opacous and white. 

And that the particles of Azetalline coloursare tranfparent,may be argu- 
ed yet further from this,that the Cryftals,or Vitriols of all Metals,are tranf- 
parent, which fince they confift of metalline as well.as.faline. particles, 
thofe metalline ones mult be tranfparent, which is yet further confirm. d 
from this, that they have for the moft part, appropriate colours; fo the 
vitriol of Gold is Yellow ; of Copper,Blue,and fometimes Green; of Iron, 
green 5 of Tinn and Lead, a pale White of Silver,a pale Blue, c. 

; And. next,the Se/utiez of all Metals into menftruums are much the fame 
with the Vitriols, or Cryftals. It feems therefore very probable, that 
thofe colours which are made by the precipitation of Reo particles out 
of the wenfiruums by tranfparent precipitating liquors fhould be tranfpa- 
rent alfo. Thus Gold precipitates with oyl of Tartar, or fpirit of Urine ine 
toa brown Yellow. Copper with fpirit of Urize into, a, Mucous blue, 
which retains its tranfparency, ,A folution of fublimate,(as the fame Il- 
luftrious Authour I lately mention d fhews in his 40. Experiment) preeipi- 
tates with oyl, of Tartar per deliquium, into an Orange colour d preci 

pitates nor is it lefs probable, that the calesmation of thofe Vitriels by 
the fire,fhould have their particles tranfparent :, Thus Saccarum Saturni, 
or,the, Vitriol of Lead by calcination becomes a deep Orange-colour'd 
tuimiug Ni hich is. a:kind of precipitation by fome Salt which proceeds from 
the fire common Vitriel calcin.d, yields a deep Brown Red, ee. 1 
2A third Argunient, that the particles of Metalsaretranfparent, is, that 
being calcin'dj and. melted with Glafs, they tinge the Glafs with tranfpa- 
A. | rent 
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rent colours. Thus the:Ca/x of Silvertinpes the.Glafs on Which itis àn« 
neal'd witha lovely Yellow,or Gold colóur;e?«. 

And that the parts of Metals are tranfparent, may be farther argued 
from the tranfparency -of Leaf-gold, which held agdinft the light, both 
to the naked eye, andthe A4crifcope, exhibits:a deep Green. And 
though I have never feen the other Metals /amivated fo thin, that I was 
able to perceive themtran{parent, yet, for Copper and Brats, if we had 
the fame conveniency for damnating them,as we have for Gold,we might, 
perhaps,through fuch: plates or leaves;find very differing degrees of Blue, 
or Greens for it feems very. probable, that thofe Rays that rebound from 
them ting d, with a deep Yellow, or pale Red, as from Copper, or with 
a pale Yellow,as from Brafs, have paft through them 3 for I cannot con- 
ceive how by reflection alone thofe Rays can receive a tincture, taking 
any Hypothefis extant. 

So that we fce there: may a fufficient reafon be drawn from thefe in- 
ftances, why thofe colours which we are unable to dilute to the paleft 
Yellow, or Blue,or Green; are not therefore to be concluded not to be a 
deeper degree of them 5 fcr füppofing we had a great company of {mall 
Globular eiience Bottles,or roundGlaís bubbles;about the bignefs of aWal- 
nut, filld each of them with a very deep mixture of Saffron, and that 
every one of them did appear of a deep Scarlet colour, and all of them 
together did exhibit at a diftance, a deep dy d Scarlet body. It does not 
follow, becaufe after we have come nearer to this cozgerzes,or mafs,and di- 
vided it into its parts, and. examining each of its parts feverally or apart, 
we find them to have much the fame colour with the whole mafss it does 
not, I fay, therefore follow, that if we could break thofe Globules fmaller 
or any other ways come to {ee a fmaller or thinner parcel of the ting’ 
liquor that fill'd thofe bubbles.that that ting’d liquor muft always appear 
Red, or ofa Scarlet hue, fince if Experiment be made,the quite contrary 
willenfue 5 for it is capable of being dz/sted into the paleft Yellow: 

Now,that I might avoid all the Objections of this kind, by exhibiting 
an Experiment that might by ocular proof convince thofe whom other 
reafons would not prevail with, I provided me a Prifmatical Glaff, made 
hollow, juft inthe form of a Wedge, fuch asisreprefented in the tenth 
Figure of the fixth Scheme. The two parallelogram fides AB CD, ABEF; 
which met at a point, were made of the cleareft Looking-glafs plates well 
ground and polith’d that I could getsthefe were joyn'd with hard cement 
to the triangnlar fides, BC E, ADF, which were of Wood 5 the Parallelo- 

grambafe BCEF, likewife was of Wood joyn'd onto the reft with hard 
cement, and the whole Prifmatical Box was exactly ftopt every where, 
but oncly a little hole near the bafe was left,whereby the Veflél could be 
fill'd with any liquor, or emptied againat pleafure. 

One of thefe Boxes (for I had two of them) Ifill'd with a pretty deep 
tinture of 4/oes, drawn onely with fair Water, and then ftopt the hole 
with a piece of Wax, then,by holding this Wedge againft the Light, and 
looking through it, it was obvious enough to fee the tin&ture of the liquor 
near the edge of the Wedge where it was but Site thin, to be a pale - 

we 
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well colour'd Yellow, ‘and further and further from the edge, ds the li 

uor grew thicker and thicker.this tincture appear d deeper and dééper; 
$ that near the blünt end, which wasfeven Inches fromthe edge and three 
lrichés arid an. half thick; it was of a deep and well colour d Red. Now, 
the clearer and. purer this tincture be, the more lovely will the deep 
Scarlét bé, and the fouler the tincture be, the more dirty will the Red 
dppear; {o that fome dirty tin&ures have afforded their deepeft Red 
much of the colour of burnt Oker ot Spanifh brownsothers as lovely a cd- 
lout ás Vermilion, and fome much brighter 5 but feveral others, according 
as the tinétures were worfe or more foul, exhibited various kinds of Reds, 
of very differing degrees. 

The other of thefe Wedges, Hfill'd witha moft lovely tin&ture of Cop- 
per, drawn from the filings of it,with fpirit of Urine, and this Wedge held 
as the former againft the Light, afforded all manner of Blues, from the 
fainteft to the deepeft,{o that I was in good hope by thefe two,to have pro- 
due’d all the varieties of colours imaginable ; for [thought by this means 
to have beeri able by placing the two Paral/elogram fides together, and 
the edges contrary ways,to have fo mov d them to and fro one by another, 
as by looking through them in feveral places, and through feveralthick- 
neffes,T fhould have compounded, and confequently have feen all thofe 
colcuts, Which by other like compofitions of colours would have enfued, 

But itftéed of meeting with what I look'd for, I met with fomewhat 
niore admirable ; and that was, that I found my felf utterly unable to fce 
through thém when placed both together, though they were tranfparent 
enough when afunder s and though I could fee through twice thé thick 
nefs, when both of them were ard with the fame colour d liquors, whe: 
ther both with the Yellow, or both with the Blue, yet when one was fill'd 
with the Yellow, the other with the Blue,and both looked through, they 
both appear'd dark, onely when the parts near the tops were look'd 
through, they exhibited Greens, and thofe of very great variety, as I ex 
pected,but the Purples and other colours, could not by any means make. 
whether I endeavour d. to look through them both againft the Sun or 
whether I plac'd them againft the hole of a darkned room. ‘ 

But notwithftanding this mif-ghefling, I proceeded on with my trial id 
a dark room, and having two holes near one another, I was able, by 
placing my Wedges again{t them,to mix the ting'd Rays that paft through 
them, ahd fell on à fheet of white Paper held at a convenient diftance 
from them as I pleásd 5 fo that I could make thé Paper appear of what 
colour I would,by varying the thicknefies of the Wedges,and confequent 
eke ge of ue A that p through the two holes, and fome- 

o by varying the Paper, that is, in i i 
agray, ora black xia of Pio. iic 

Whence I experimentally found what I had before imagin'd, that all 
the varieties of colours imaginable are produc'd from feveral degrees 
thefe two colours, namely, Yellow and Blue, or the mixture of them 
Mn light and darknefs, that is, white and black. And all thofe alimoft 

ite varieties which Limners and Painters are able to make by com 
pounding 
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pounding thofe {everal colours they lay oh their Shels or Palads are no- 
thing elfe, but fome compofitum, made up of ome one or more, orall of 
thefe four. : 

Now, whereas it may here again be objected,that neither can the Reds 
be made out of the Yellows, added together,or laid on in greater or lef 
quantity, norcan the Yellows be made out of the Reds though laid ne- 
ver fo thins and as for the addition of White or Black, they do nothing 
but either whiten or darken the colours to which they are added,and not 
at all make them of any other kind of colour: as for inftance, Vermilion, 
by being temper'd with White Lead, does not at all grow more Yellow, 
but onely there is made a whiter kind of Red. Nor does Yellow Oker, 
though laid never fo thick, produce the colour of Vermilion, nor though 
it betemper'd with Black, does it at all make a Red ; nay, though it be 
temper'd with White, it willnot afford a fainter kind of Yellow, füch as 
editions, but onely a whiten'd Yellow ; nor will the Blues be diluted or 
deepned after the manner I {peak of, as 7;dico will never afford (o fine a 
Blue as Ultramarine or Ef ; nor will it;temper'd with Vermilion, ever af- 
ford a Green,though each of them be never fo much temper d with white. 

To which I anfwer,that there isa great difference between diluting a 
colour and whitening ofit 5 for di/utizg a colour, isto make the colour’d 
parts more thin, fo that the ting'd light, which is made by trajecting 
thofe ting d bodies, does not receive fo deep a tincture ; but whitening 
a colour is onely an intermixing of many clear reflections of light 
among the fame ting d parts 5 deepning allo, and darkning or blacking a 
colour, are very different ; for deepning a colour, is to make the light 
país through a greater quantity of the fame tinging body ; and darkning 
or blacking a colour, is onely interpofing a multitude of dark or black 
Ípots among the fame ting'd parts, or placing the colour in a more faint 
light. 

E irft therefore ;asto the former of thefe operations,that is,diluting and 
deepning, moft of the colours usd by the Limners and Painters are in- 
capable of, to. wit, Vermilion and Red-lead, and Oker, becaufe the ting'd 
parts arefo exceeding fmall, that the moft curious Grindftones we have, 
are not able to feparate them into parts actually divided fo {mall as the 
tingd particles are; for looking on the moft curioufly ground Ver- 
milieu, and Oker, and Red-lead, 1 could perceive that even thofe (mall 
corpufcles of the bodies they left were compounded of many pieces, that 
is, they feem‘d to be frtiall pieces compounded of a multitude of leffer 
ting d parts : each piece feeming almoft like a piece of Red Glafs,or ting d 
Cryftal all flaw'd 5 fo that unlefs the Grindítone could actually divide 
them into fmaller pieces then thofe flaw'd particles were, which com- 
pounded that ting d mote I could fee with my Azicrofcope, it would be 
impoflible to.d;/vte the colour by grinding, which, becaufe the fineft we 
have will notreach to: do in Vermilion or Oker, therefore they cannot at 
all, or very hardly be déluted. 

Other colours indeed, whofe ting d particles are fach as may be made 
fmaller, by grinding their colour, may be a a Thus feveral = the 
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Blues may be diluted,as Swalt and Bie s and Mafticut,which is €— 
be made more faint : And even Vermilion it felf may, by too much grind- 
ing, be brought to the colour of Red-lead, which is but an Orange colour, 
whichis conteft by all to be very much upon the Yellow. Now, though 
perhaps fomewhat of this diluting of Vermilion by overmuch grinding 
may be attributed to the Grindftone, or muller, for that fome.of their 
parts may be worn off and mixt with the colour, yet there feems not ve- 
ry much, for I have done it on a Serpentine-ftone with a muller made ofa 
Pebble, and yet obferv'd the fame effect follow. 

And fecondly, as to the other of thefe operations on colours, that is, 
the deepning of them, Limners and Painters colours are for the moft part 
alfo uncapable. For they being for the moft part epacons 5 and that opa- 
confncfs, as | faid before; proceeding from the particles, being very much 
flaw d, unlefs we were able to joyn and re-unite thofe flaw'd particles 
again into one piece, we fhall not be able to deepen the colour, which 
fince we are unable to do with moft of the colours which are by Painters 
accounted opacows, we are therefore unable to deepen them by adding 
more ofthe fame kind. 

But becaufe all thofe opacous colours have two kindsof beams or Rays 
reflected from them,that is,Rays unting d, which are onely reflected from 
the outward furface, without at all penetrating of the body,and ting'd 
Rays which are reflected from the inward furfaces or flaws after they 
have füffer'd a two-fold refraction 5 and becaufe that tranfparent liquors 
mixt with fuch corpafcles, do,for the moft part, take off the former kind 
of reflection; therefore thefe colours mixt with Water or Oyl, appear 
much deeper than when dry,for moft part of that white reflection from the 
outward furface is remov'd. Nay, fome of thefe colours are very much 
deepned by the mixture with fome tranfparent liquor, and that becaufe 
they may perhaps get between thofe two pem and fo confequently joyn 
two or more of thofe flaw'd pieces together 5 but this happens but ina 
very few. | 

Now, to fhew that all this is not gratis di&um, Y (hall. fet down fome 
Experiments which do manifeft theíe things to be probable and likely; 
which I have here deliver d. He 

For, firft, if you take any ting d liquor whatfoever, efpecially if it be 
pretty deeply ting d, and by any means work it into a froth,the cozgeries 
of that froth fhall feem an opacous body, and appear of the fame colour; 
but much whiter than that of the liquor out of which it is made. For the 
abundance of reflections of the Rays againft thofe furfaces of the bubbles 
of which the froth confifts, does fo often rebound the Rays backwards, 
that little or no light ‘can pafs through, and confequently the frothap- - 
pears opacons. | ur og 

Again, if to any of thefe ting'd liquors that will endure the boiling 
there be added a {mall quantity of fine flower (the parts of which through 
the Adicrofcope are plainly enough to be perceiv'd to confift of tran{pa- 
rent corpufcles) and fuffer'd to boy! till it thicken the liquor, the ad. of 
the liquor will appear opacows,and ting d with the fame colour, but very 
much whiten d. Thus 
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Thus, if you takea piece of tranfparent Gla thatis well colour'd,| and 
by heating it, and then’ quenching it in Water, you flaw it allvever; 
it will become opacous, and will exhibit the fame colour with which the 
piece is ting d, but fainter and whiter. . 

Or, if you take a Pipe of this tranfparent Glafs, and inthe flame of a 
Lamp melt it, and then blow it into very thin bubbles; then break thofe 
bubbles, and colle& a good parcel of thofe | amine together iri a Paper, 
you fhall find that a {mall thicknefs of thofe Plates will conftitütean opa- 
cous body, and that you may fee through the mafg of Glaf before it be 
thus /aminated, above four times the thicknefs: And befides, they ‘will 
now afford a colour’ by reflection as other opacous: (as they are 'call'd) 
colours will, but much fainter and whiter than that of the Lump or.Pipe 
out of which they were made. 

Thus alfo,if you take Putty, and melt it with any tranfparent colour'd 


Glafs,it will make it become an opacous colour d lump, and to yield apa- ° 


ler and whiter colour than the lump by reflection. 

The fame thing may be done by a preparation of Antimony, as has beeri 
fhewn by the Learned Phyficiax, D^ C.44. in his Excellent Obfervations 
and Notes on Nery's Art of Glafs; and by this means all tranfparent co- 
lours become opacous, or ammels. And though by being ground they lofe 
very much of their colour, growing much whiter by reaíon of the multi 
tude of fingle reflections from their outward furface; as I (hew'd afore; 
yet the fire that in.the nealing or melting re-ünites them; and fo re: 


news thofe fpurious reflections, removes alfo thofe whitenings of the co 


lour that proceed from them. 

Asfor the other colours which Paintersufe, whichare tranfparent,and 
usd to varniíh over all other paintintings, ‘tis well enough knownthat 
the laying on of them thinner or thicker;does very much:dzlute or deepen 
their colour. | : 

Painters Colours therefore confifting moft of them of folid particles; 
fo fmall that they cannot be either re-united into: thicker particles by 
any Art yet known,and confequently cannot be deepned 5 or divided ins 
to particles fo fmall asthe flaw d particles that exhibit that'colour, much 
lefs into fmaller;and'confequently cannot be dilutéd 5 It is neceflary that 
they which are toimitate all kinds of colours, fhould: have asmany'de- 


‘grees of each colour as can be procur'd. 


And to this purpofe, both Limners and Painters haye' a very/great va 


riety both: of Yellows and Blues, befides feverabothér colour'd bodies 


that exhibit very compounded colours, fuch as Greens and Purples; and 


‘others that are compounded of feveral degrees of Yellow, or feveral.de- 
grees of Blue, fometimes unmixt; and fometimes compounded with fe- 


veral other colour d bodies. | :»dstsiti 
The Yellows,‘ fromthe paleít to:'the:deepeft Red-or Scarlet which 


has no intermixture of Blue, are'ipale; and deep Mafieut, Orpament, 


Englifh Oker, brown Oker, Red Lead, atd Vermilion, burnt Engbfh Oker, 
and burnt brown Oker, which lat have:a mixture of dark or dirty parts 
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Their Blues are feveral kinds of Smalts, and V erditures, and Bife, and 
qltramarine, and Indico, which laft has many dirty or dark parts inter- 
mixt with it. : 

Their compounded colour’d bodies, as Pink, and Vi erdigrefe,which are 
Greens, the one a Popingay, the other a Sea-greez5 then Lac,which is a 
very lovely Purple. j 1 

To which may be added their Black and White, which i alfo 
ufually call Colours, of each of which they have feveral kinds, fuch as 
Bone Elack , made of Ivory burnt in a clofe Veífel, and Blue Black , made 
of the fmall coal of Willow, or fome other Wood 5 and Cullens earth, 
which is a kind of brown Black, @e. Their ufual Whites are either ar- 

tificial or natural White Lead, the laft of which isthe beft they yet have, 
and with the mixing and tempering thefe colours together, are they able 
to make an imitation of any colour whatfoever : Their Reds or deep 
Yellows, they can dilute by mixing pale Yellows with them, and deepen 
their pale by mixing deeper with them; for it is not with Opacous co- 
lours as it is with tranfparent, where by adding more Yellow to yellow, 
it is deepned, but in opacous diluted. They can whiten any colour by mix- 
ing White with it, and darken any colour by mixing Black, or fome dark 
and dirty colour, And in a word, moft of the colours, or colourd 
bodies they ule in Limning and Painting, are fuch, as though mixt with 
any other of their colours, they preferve their own hue, and by being in 
füch very {mal parts difpers'd through the other icolour'd bodies, they 
both, or altogether reprefent to the eye a compa itum of all the eye be- 
ing unable, by reafon of their fmalnefs, to diftinguifh the peculiarly co- 
lourd particles, but receives them as one intire compofituem + whereas in 
many of thefe, the Adierofcope very eafily diftinguifhes each of the com- 
pounding colours diftindt, and exhibiting its own colour. 

Thus have I by gently mixing Vermilion and Bie dry, produc'da very 
fine Purple,or mixt colour,but looking on it with the Microfcope, Y could 
eafily diftinguifh both the Red and the Blue particles, which did not at 
all produce the Phaztafzz of Purple. | 

To fumm up all therefore in a word, I have not yet found any folid 


- colour d body,that Lhave yet examin'd,perfectly opacows 5 but thofe that 


are leafttranfparent are /Metal/jme and Mineral bodies, whofe particles ge- 
nerally, feeming either to be very {mall, or very much flaw'd, appear 
for the moft part opacous, though there are vod of themthat I have 
look'd on with a Microfcope, that have not vety plainly or ciréumftanti- 
ally. manifefted themfelves traníparent. OG mI 

— ‘And indeed, there feem to be fo few bodies in the world that are in 
wsinineis opacous, that I think one may make ita rational Query, Whether 
there be any body abfolutely thus opacows ? For Ldoubt notat all (and I 
have taken notice of very many circumftances that. make ime -of this 
mind) that could we yery much improve the Microfcope, we mightbe 
abletofe.all thofe bodies very ‘plainly tranfparent,. which, we now are 
fain-onely to ghefS at by circumítantes.. Nays the Object \Glafles we 
yet make ufe of are fuch, that they make many tranfparent bodies tothe 
Ws à eye; 
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eye, feem ópacous through them,which if we widen the Aperturéa little, 
and caft more light on the objects, and not charge the Glafies fo deep, 
will again difclofe their tratfparency. 


Now, as for all kinds of colours that are diflolvable in Water;or other 
liquors, there is nothing fo manifett, as that all thofe ting'd liquors are 
tranfparent stand many of them are capable of being dil 


4ted. and. coms 
pounded ‘or mixt with other colours, and divers of them are capable of 


cing very much chang’d and heightned, and fixt with feveral kinds of 
Saline menflruums. Others of them upon compounding, deftroy or vi- 
tiate each others colours; and precipitate, or otherwife very much alter 
each otherstindture. Inthe true ordering and diluting, and deepning, 
and a and fixing of each of which, confifts one of the greateft my- 

eries of the Dyers; of which particulars,becaufe our Microfcope aflords 
us very little information] fhall add nothing more at prefent s but onely 
that with a very few tinctures order'd and mixt after certain ways, too 
long to be here fet down, I have beet able to make an appearance of all 
the various colours imaginable, without at all ufing the help of Salts, of 
Saline wenftrunms to vary them. 

As for the mutation of Colours by Saline menfirnums, they have al- 
ready been fo fully and excellently handled by the lately mention‘d In- 
comparable Authour,that I can add nothing,but that of a multitude of tris 
als that I made, Ihave found them exactly to agree with his Rules and 
Theories; and though there may be infinite inftances, yet may they be 
reduc'd under a few Heads, and compris'd withina very few Rules; And 
generally 1 find, that Saline men[Iranms are moft operative upon thofe 
colours that are Purple, or have tome degree of Purple in them, and up- 
on the other colours much le(s. The fpurious pulfes that compofe which, 
being (as 1 formerly noted) fo véry neer the middle between the true 
ones, that a fmall variation throws them both to one fide, or both to the 


other, and fo confequently muft hake a vaft mutation in the formerly ap- 
pearing Colour. 
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Oblerv. XI. Of Figüres olfery'd in final Sand. 


And generally feems tobe nothing elfe but exceeding {mall Pebbles; 
S orat leaft fome very fmall parcels of a bigger ftone 5 the whiter kind 
feems through the Azierofcope to confitt of final tranfparent pieces of fome 
pel/ucid body, each of them looking much like a piece of 4l», or Salt 
Gemsand this kind of Sand is angled for the thoft part irregularly. without 
any certain fhape,and the gravales of it are for the moft part flaw'd,though 
amoneft many of them it is not difficult to ind. fome that are perfedtly 
pelncid, like à piece of clear Cryftal, and divers likewife moft curioufl 
fhap'd, much after the manner of the bigger Stirie of Cryftal, or like the 
finall Diamants T obferv'd in certain F lints, of which Ifhall by and by re- 
late; which laft particular feems to argue, that this kind of Sand is not 
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made by the cornminution of greater tranfparent Cryftaline bodies, but 
by the ] vitii Or iletion of Water,or fome other fluid body. 

There are other kinds of courfer Sands, which are browaer;and have 
their particles much bigger 5 thefe, view'd with a Microfcope, cem much 
cos and more opacous fub{tances,and moft of them are of fome irregu- 
larly founded Figures 5 and though they feem not fo opacows.as to the 
naked eye, yet they (cem very foul and cloudy, but neither do thefe want- 
eurioully tranfparent, no more than they do regularly figur'd and well 
colour d particles, as I have often found. NL. ini 

There are multitudes of other kinds of Sands, which 1n many particu- 
lars, plainly enough difcoverable by the AMicrofcope differ both from thefe 
laft mention d kinds of Sands, and from one another : there feeming to be 
as great variety of Sands,as there is of Stones. And'as amongft Stones fome 
are call'd precious from their excellency, fo alfo are there Sands which 
deferve the fame Epithite for their beauty ; for viewing a {mall parcel of 
Eaft-India Sand (which was given me by my highly honoured friend, Mr. 
Daniel Colmall) and, fince that, another parcel, much of the fame kind, 
I found feveral of them, both very tranfparent like precious Stones, and 
regularly figur'd like Cryftal, Cerzifp Diamants, fome Rubies, ce. and 
alfo ting d with very lively and deep colours, like Raubys, Saphyrs, Eme« 
valds,&c. Thefe kinds of granuls! have often found alfo in Ezglifb Sand. 
And ‘tis eafieto make fuch a counterfeit Sand with deeply ting d Glafs, 
Enamels and Painters colours. 

It were endlefs to defcribe the multitudes of Figures I have met with 
in thefe kind of minute bodies, fuch as spherical,0val,Pyrazsidal, Conical, 
Prifmesioas of each of which kinds I have taken notice. 

tamongft many others, I met with none more obfervable than this 
pretty Shell (defcribed in the Figure X. of the fifth Scheme) which, 
though asit was light on by chance, deferv'd to have been omitted (1 
being unable to direct any one to find the like) yet for its rarity was it not 
inconfiderable, efpecially upon the account of the information it may 
afford us. For by it we have a very good inftance of the curiofity of Na- 
ture in another kind of Animals which are remov d, by reafon of their 
minutenefs,beyond the reach ofour eyes; fo that asthere are feveral forts 
of Infeéts, as Mites, and others,fo {mall as not yet.to have had any names 5 
(fome of which I fhall afterwards defcribe) and {mall Fifhes, as Leeches 
in Vineger 5 and {mal ve etables, as Mofs, and Rofe-Leave-plants ; and 
{mall Mufhroms, asmould: fo are there, it feems, {mall Shel-fifh like- 
wife, Nature fhewing her curiofity in every Tribe of Animals, Vege- 
tables, and Minerals. . 

[was trying feveral {mall and fingle Magnifying Claffes, and cafually 
viewing a parce] of white Sand, when I perceiv d one of the grains exactly 
fhap d and wreath d like a Shell, but endeavouring to diftiaguith it with 
my naked eye;it was fo very {mall,that I was fain again to make ufe of the 
Glafsto find it ; then,whileft I thus look'd on it, with a Pin! feparated all 
the reft of the granules of Sand,and found it afterwards to appear to the 
naked eye an exceeding finall white fpot, no bigger than the point ofa 

Pin. 
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Pin. Afterwards I view'd it every way with a better 2ticrofcope. and fo 

it on both fides, and edge-ways, to refemible the Shell E tral ian 
Snail with a flat {piral Shell: it had twelve wreathings, 2,5, c, d, e, &c; 
all very proportionably growing one leís than another toward the 
middle or center ofthe Shell, where thete wasa very fmall round white 
fpot. I could not certainly difcover whether the Shell were hollow or 
not, but it fcem'd fill d with fomewhat, and 'tis probable that it might 
be petrify'd as other larger Shels often are, füch as are meütion'd inthe 
feventeenth Obféroatiox. 


Obferv. XII. Of Gravel in Urine. 


Have often obferv'd the Sand or Gravel of Urine; which ems to be 
Í a tartareous fubftance, generated out of a Saline and a terreftrial füb- 
ftance er7ffal/i£; d together, in the form of Tartar, fometimes fticking to 
the fides of the Crzzal, but for the moft part finking to the bottom, and 
there lying in the form of coorfe common Sand ; thefe; through the 44- 
crofeepe, appear to be a company of {mall bodies,partly tranfparent, and 
partly epacous, fome White, fome Yellow, fome Red, others of more 
brown and dufkie colours. 

The Figure of them is for the moft patt flat, in the manner of Slats, or 
füch like plated Stones,that is,each of them feem to be inade up of feve- 
ral other thinner Plates, much like Z4»/cevie Glafs,or Englifh Sparr.to the 
laft of which, the white plated Gravel feems moft likely 5 for they feem 
not onely plated like that, but their fades fhap'd alfo into Rhombs, Rhom- 
boeids,and fometimes into Rectangles and /quares, Their bignefs and Figure 
may be feen in the fecond Figure of the fixth P/ate,which reprefents about 


-adozen of them lying upon a plate ABC D,fome of which, asa, h, c, 4; 


feem'd more regular than the reft, and. e, which wasa {mall one, ftick- 
ing onthe top of another, was a perfe& Rhomboeid on the top; and had 
four Rectangular fides. 

The line E which was the meafure of the Aficrofcope, is 4 part of an 
Englifh Inch, fo that the greateft bredth of any of them, exeeeded not 
xà part of an Inch. 

- «Putting thefe into feveral liquors, I found Oy/ of Vitriol, Spirit 4 
Wrine,and feveral other Saline zienfiruum: to difiolve them; and the fir 
ofthefe in lefsthan a minute without Ebu/litioz, Water,and feveral other 


liquors, had no fudden operation upon them. This I tention, becaufe 


thofe liquors that diflolvethem, firft make them very white, not vitiating; 
but rather re&tifying their Figure, and thereby make them afford a very 
pretty object for the Adicrofcepe. 

How great an advantage it would be to fuch a$ are troubled with the 
Stone, to find fome sexfiruum that might diffolve them without hurting 
the Bladder,is eafily imagin'd, fince fome injettions made of fuch bodies 
might likewife diflolve the ftone, which 3 much of the fatné nature. 
It 
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ay therefore, perhaps, be worthy fome Phyficians enquiry, whether 
cio may not is Rodtietkting mixt with the Urine in which the Gravel 
or Stone lies; which may again make it diflolve1t, the firft of which feems 
by it’s regular Figures to have been fometimes Cry/talliz'd out; of it. For 
whether this Cry/tallization be made in the manner as Alum, Peter,&c. are 
eryflallized out ofa cooling liquor, in which, by boyling they have been . 
diffolv'd ; or whether it be made inthe manner of Tartarum Vitriolatum, : 
that is; by the Coalition of an acid and.a Sulphureous fubftance, it feems — 
not impoflible,but that the liquor it lies inymay be again madea difoluent — 
ofit. But leaving thefe inquiries to Phyficians or Chymifts, to whom 2 
it doesmore properly belong, I fhall proceed. <a 


Obferv; XII. Of the fmall Diamants, or Sparks i Flints. 7 
Hancing to break a Flint ftone in pieces, I found within it a certain - 
d cavity all crufted over with a very pretty candied fubítance, fome 
of the parts of which, upon changing the pofture of the Stone, inrefpett 
of the Incident light, exhibited a number of fmall, but very vivid re- 
fle&ions; and having made ufe of my Microfcope, I could perceive the 
whole furface of that cavity to be all befet with a multitude of little - 
Cryftaline or Adamantine bodies, fo curioufly fhap'd, that it afforded a 
not unpleafing object. iwi eels , EV 
Having confidered thofe vivid repercnfJrons of light,I found them tobe 
made partly from the plain external furface of thefe regularly figured” 
bodies (which afforded. the vivid reflections) and partly to be made 
from within the fomewhat peliucid body, that is,from fome furface of the 
body,oppofite to that fuperficies of it which was-next the eye; | 05 
And becaufe thefe bodies were fo fmall, that I could not well cometo 
make Experiments and Examinations of them, I provided me feveral 
fall ftirie of Cryftals or Diamants, found in great quantities in Cora- 
wall,and are therefore commonly called Cornifh Diamants : thefe being 
very pellucid, and growing ina hollow cavity of a Rock (as Ihave been 
feveral times informed by thofe that have obferv'd them) much after the 
fame-manner as thefe do in the Flint; and having befidés their outward 
furface very regularly fhap'd, retaining vety:mear the fame Figureswith 
{ome of thofe I obferv'd in the other, becamé a convenient help to me for 
the Examination of the proprieties of thofe kindsof bodiesio! 1: 5705 
And firft for the Reflections; in-thefe I found it very obfervable; That 
the brighteft reflections of light proceeded from within the pe//veid body; 
that is, that the Kays admitted through thé fe//ucid fubftance in their 
getting out on the oppofite fide, were by the contiguous and ftrongre> 
fle&ing fürface of the Air. very vividly reflected, ío that more Rays were 
reflected to the eye by this furface; though the Ray in entring and getting 
out of the Cryftal had fuffer'd.a double refraction; than therewerefrom — 
the outward {urface of the Glafs where the Ray had fuffer d no refraction F. 
at all. = And 3 
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"And that this was the fürface of the Air that gave fo vivida re-percuf- 
Jen I try'd by this means. I funk half of a ffiria in Water, fo that only 
Water was contiguotis to the under furface, and then the internal re- 
flection was fo exceedingly faint, that it was fcarce diícernable, Again, 
I try d to alter this vivid reflection by keeping off the Air, with a body 
not fluid, and-that was by rubbing and holding my finger very hard 
againft the under furface, fo as in many places the pulp of my finger did 
touch the Glafs, without any jzterjacewt ait between 5 then obferving the 
reflection, I found,that wherefoever my finger or fkintoucht the furface, 
from that páft there was no reflection, but in the little furrows or creafes 
of my fkin, where there remain d little {mall lines.o£ air,from them Was 
return'd a very vivid reflection as before. Itry’d further,by making the 
fürface of very pure Quickfilver to be contiguous to the under furface 
of this pe/ucid body, and then the reflection from that was fo exceeding 
ly more vivid than from the air, as thé reflection froth air was than 
the reflection from the Water; from all which trials 1 plainly faw, that 
the {trong reflecting air wasthe caufe of this Phenomenon. 
-. And this agrees very well with the Aypethefis of light and Pedlecid bo- 
dies which I have mention’d in the deícriptión of Mufcovy-glafs; for we 
there fuppofe Glafs to be-a medinm which does lef tefilt the pulíe of li lit, 
and confequently,that moft of the Raysincident on it enter into it,and are 
refracted towards the perpendicular 5 whereas the air I fuppofe to be a 
body that does more refift it, and confequently móreare re-percu{sdthen 
do enter 1t: the fame kind of trials have I made, with Cryftaltine Glaft, 
with drops of fluid bodies, and feveral other ways,which do all feem tó 
agree very exactly with this Theory. So that from this Principle well eftas 
blith’d, we may deduce feverall Corollaries not unworthy obfervation. 
~ And the firftis, that it plainly appears by this, that the produ&tion of 
the Rainbow is asmuch to be afcribed to the reflectidn of the concave 
furface of the air, as tothe refraction of the G/obnlar dtops: this willbe 
evidently manifeft by thefe Experiments, if you foliate that part iof a 
Glafs-ball that isto reflect an iri, as in the Cartefian Experiment, above 


mention; the rcfle&ions will be abundantly more ftrong, and the co- 


jours more vivid : and if that part of the furface be touch d with Watet, 
Ícarce affords any fenfible colour at all. 

Next we learn, that the great reafon why pellacid bodies beaten {mall 
are white, isfrom the multitude of teflections, not from the: particles of 
the body, but from the contiguous furface of the airs And this is evident 
ly manifelted, by filling the Interfiitia of thofe powder'd bodies with 
Water, whereby their whitenefs presently difappears, From the fame 
‘reafon ptoceeds the whitenefs of many kinds of Sands, which inthe AMi- 
*refcepe appear to be made up of avmultitude of little pel/acid bodies, 
whole brighteft reflections may by the ZZicroféépe be plainly perceiv'd 
to come from their internal furfaces ; and much of the whitenefs of it may 


be deftroy'd by. the affufion of fair. Water to be ‘contiguous to thofe | 


furfaces. | 
The whitenefs alfo of froth, is for the moft part tobe afcribed to the 
N 2 reflection 
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reflection of the light from the furface of the air within the Bubblesand 
very little tothe reflection from the furface of the Water It elf : for this 
laft refle&ion does not return a quarter (o many Rays, as that which is 
made from the furface of the air,as I have certainly found by a multitude 
of Obfervations and Experiments. 

The whitenefs of Linnen, Paper, silk, &c. proceeds much from the 
fame reafon, as the Microfcope will eafily difcover 5 for the Paper ts made 
up of an abundance of pel/ucid bodies, which afford a very plentifull re- 
e&ion from within, that is, from the concave furface of the air contigu- 
ous toits component particles 5 wherefore by the affufion of Water, Oyl, 
Tallow,Turpentine,@e. all thofe reflections are made more faint,and the 
beams of light are fuffer'd to traject & run through the Paper more freely. 

Hence further we may learn the reafon of the whitenefs of many bo- 
dies, and by what means they may be in part made pellucid : As white 
Marble for inftance; for this body is compofed of a pellucid body ex- 
ecedingly flaw'd, that is, there are abundance of thin, and very fine 
cracks or chinks amongft the multitude of particles of the body,that con- 
tain in them {mall parcels of air,which do fo re-percuff and drive back the 
penetrating beams, that they cannot enter very deep within that body; 
which the Aicrofcope does plainly inform us to be made up of a Congeries 
of pellucid particles. And 1 further found it fomewhat more evidently by 
fome attempts I made towards the making tranfparent Marble, for by 
heating the Stone a little; aud foaking it in Oyl, Turpentine, Oyl of Tur- 

entine,@c, I found’that I was ableto fee much deeper into the body of 
Marblethen before s and one trial, which was not with an unctuous fub- 
ftancé;fücceeded better than the reft, of which, when have a better op- 
portunity, I fhall make further trial. » ' bt 

This alfo gives us a probable reafon of the fo much admired Pheno- 
mena of the Oculus Mundi, an Oval ftone, which commonly looks like 
white Alabafter, butbeing laid a certain time in Water, it grows pellucid, 
and tranfparent, and being fuffer'd to lie again dry, it by degrees lofes 
that tranfparency, and becomes white as before. For the Stone being of 
a hollow fpongie nature, hasin the firft and laft of thefe appearances, all 
thofe pores fill’d-with the obtunding and reflecting air 5; whereas: in the 
fecond, all thofe pores are fill'd with a medinm that has much the fame 
refra&tion with the particles of the Stone, and therefore thofe two being 
contiguous; make,as twere, one continued medium, of which more is faid 
in the 15. Obfervation. lod 

"These area multitude of other Phénomena,that are produc d from this 
{ame Piinciple,{whichas it has not been taken notice of by any yet that 
know; fol think, upon more diligent obfervation, will it not be found the 
leaft confiderable. But bhave here onely time to hint Hypothefes, and not 
toprofecute them fó fully as I could: with ; many of them having a v. 
extent in the production: of a multitude of Phenomena, which have been 
by others,either not attempted to be explain'd; or elfe attributed to fome 

other caufe than what I have affign d, and perhaps than the rights and 
thiereforeI fhall leave this to the profecution of füch as have niore leifüre: 
onely 
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onely before I leave it, I muft not: pretermit to hint, that by this Piin- 
ciple, multitudes of the Phenomena of the air,as about AG/ts, Clouds, Me- 
teors, Haloes,&c. are moft plainly and (perhaps) truly explicable; multi- 
tudes alfo of the Phenomena in colour'd bodies, asliquors, gc. are de 
ducible from it. TS 

And from this I fhall proceed to a fecond cotifiderable Phenomenon 
which thefe Diamants exhibit, and that is the regularity of their Figure 
which isa propriety not lefs general than the formers It comprifing with- 
in its extent, all kinds of A/etals, all kinds of Adinerals molt Precious floues. 
all kinds of $4/ts,multitudes of Earths,and almoft all kinds of ‘fluid bodies: 
And this is ‘another propiety, which, | though a little fuperficially taken 
notice'of by fome, has not, that I know, been fo much as attempted to 
be explicated by any. 

This propriety of bodies,asI think it the moft worthy, and next in or- 
der to be confider d after the contemplation of the Globular Figure, fo 
have J long had a defire as wel asa determination to have profecuted it if I 
had had an opportunity;having long fince propos’d to my felf the method 
of my enquiry therein, it containing all the allurements that I think any 
enquiry is capable of: For, firft Itake it to proceed from the moft fimple 
principle that any kind of form can come from, next the Globular, which 
was therefore the firft fet upon, and "what I have therein perform’d, I 
leave the Judicious Reader to determine. Foras)that form proceeded 
froma propiety of fluid bodies, which I have call'd Congruity, or Incon- 


gruitys fol think, had I time and opportunity, I could make probable, - 


that all thefe regular Figures that are fo confpicuou(ly various and cwri- 
ou:,ànd do fo adorn and beautifie fuch multitudes of bodies, as I have 
above hinted,arife onely from three orfour feveral pofitions or poftures 
of Globular particles,and thofe the moft plain,obvious, and neceflary con- 
junctions of fuch figur'd particles that are poffible, fo that fuppofing fuch 
and fuch plainand obvious caufes concurring the coagulating particles 
muft neceflarily compofe a body of füch a determinate regular Figure; 
and no other 5 and this with as much neceffity and obviouinefs as a fluid: 
body encompaft with a Hererogezeowe: fluid muft be protruded. into a 
Spherule or Globe; And’this'I have ad oculum demonftated with a com- 
pany of bullets,and fome few other very fimple bodies: fo that there was 
not any regular Figure,which I have hitherto met withall, of any of thofe 
bodies that I have above named, that I could not withthe compofition of 
bullets or globules, and one or two other bodies; intitate, evemalmoft 
by fhaking them together.’ And thus for inftance may we find that the 
Globular bullets will of themfelves,if put on an inclining plain.fo that they 
may'run together, naturally run into a triangalar order, compofing all 
the variety of figures that can be imagin’d to be made out of equilateral 
triangles ; and fuch will you find,upon trial,all the furfacesof 4/u to be 


- compos'd of: For three bullets lying on a plain; as clofeto one another as 


they.can compofe an equilatero-triangular form, as in:A:inthe 7.Scheme. 
Af a fourth be: joyn'd to them on either fide as clofely asit can, they four 


compofz the moft regular Rhombus confifting of two equilateral triangles, 
: as 
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as B. If à fifth be joyn'd to them on either fide án as clofe a pofition asit 
can, whichis the propriety of the Texture,it makes à Trapezius, OY fout- 
fided Figüte, two of whofe angles are 120. and two 60. degrees, as C. 
If à fixth be added, as before, either it makes an equilateral triangle,as D; 
ora Rhomboeid, as E, or an — Figure, as F, which is coms 
pos'd of two primary Rhombes. \fa{eventh be added, it makes either 
an aquilatero-hexagonal Figure, as G, or fome kind of fix-fided Fi- 
gare, as H, or L. And though there be never fo many placed together, 
they may be rang d into (ome of thefe lately mentioned Figures, all thé 
angles of which will be either 60. degrees, or 120. as the figure K. 
which is an equiangular hexagonal Figure is compounded of 12. Globules, 
or may be of 25, or 27,0F 36, 0% 42, Oc. and by thefe kinds of texture, 
or pofition of globular bodies,may you find out all the variety of regular 
thapes, into which the (mooth farfaces of Alum are form'd, as upon ex- 
amination any one may eafily find 5 nor does it hold only in fuperficies,but 
in folidity alfo.for it’s obviousthat a fourth Globule laid upon the third in 
this texture, compofes a regular 7i eirabedron, ‘which isa very ufual Figure 


ofthe Cryflals of Alum. And (to haften) there is no one Figure into which 


Alum is obferv d to be cryftallized, but may by this texture of Globules 
be imitated, and by no other. 
I could inftance alfo in the Figure of Sea-falt,and Sal-gem,that it iscom- 
'd of atexture of Globules, placed in a cubical form, as L, and that all. 
the Figures ofthofe Salts may be imitated by this texture of G/obules,and 
by no other whatfoever. And that the forms of Vitriol and of Salt-Peter, 
asalío of Cryfial;Hore-froil, &c. are compounded of thefe two textures, 
but modulated by certain proprieties: But I have not here time to in- 
fift upon, as I have not neither to ihew by what means Globules come to 
be thus context, and what thofe G/obules are, and many other particulars 
requifite toa full and intelligible explication of this propriety of bodies. 
Nor have I hitherto found indeed -an opportunity of profécuting the in- 
quiry fo farrasI defignd 5 nor dol know when I may, it réquiring abun- 
dance of time, and a great deal of affiftance to go through with what I 
defign'd 5 the model of which was this : ij E 
_ Firft,to get as exact and full a colleétion as I could, of all the differing 
kinds of Geometrical figur d bodies, fome three or four fevetal bodies of 
each kind. | —— 
Secondly, with them to get as exa& a Hiftory as poflibly I could leará 
of their places of Generation. or finding, and to enquire after. as:many 
citcumftances that tended to the Illuftrating of this Enquiry, as pofübly 
I could obferve. site aded 
Thirdly, to make as many trials as upon experience I could find.se- 
quee Diflolutions and Fasipiiaiom of feveral cryftallizing Salts for 
© needful! inftru&ion and information in this Enquiry. "- 
Fourthly, to make feveral trials on. divers othet bodies; as Metals, - 
Minerals, and Stones, by diflolving them in feveral Menfiruums, and 
cryftalizing them, to fee what Figures. would arife from thofe feveral 
Compofitums, T | i 
Fifthly, 


E. 


Fitfthly, to make Compofitions and 
gether into the fame maís, to obferve 
them would be; and in all, to note 
judge conducive to my Enquiry. 

Sixthly, to enquire the clofenefs or rarity. of the texture.of thefe bo: 
dies, by examining their gravity, and their refraction, c. 

Seventhly, to enquire particularly what operations the fire has upon 
feveral kinds of Salts, what changes it caufes in their F igures, Textures, 
or Energies, 

Eighthly, to examine their manner of diffolution, 
bodies difioluble in them 5 The texture of thofe bo 
the procefs. And this for the Hiftory. DAR 

Next for the Solution, To have examin’d by what, and how’ man 
means, fuch and fuch Figures, actions and effects could be produc'd 
potübly. 

And laltly, from all circumftances well weigh d, I fhould have eridea= 
voured to have fhewn which of them was moft likely;and (ifthe infor- 
mations by thefe Enquiries would have born it) to have demonftrated 

which of them it muft be, and was. ; 2 

But to proceed, As [believe it next to the Globular the moft fimples 
fo do I, inthe fecond place, judge it not lefs pleafant 5 for that which 
makes an Enquiry pleafant, are, firft a noble Inventum that \promifes to 
crown the fuccefsfull endeavour ; and fuch muft certainly the knowledge 
of the efficient and concurrent caufes of all thefe curious Geometrical 
Figures be,which has made the Philofophers hitherto to conclude nature 
in thefe things to play the Geometrician, according to that faying of 
Plato, ‘oO 63« «wá... Or next, a great variety of matter in the Enqui+ 
ry 5 and here we meet with nothing lef$ than the Mathentatichs of nature; 
having every day a new Figureto contemplate,or a variation of the fame 
in another body, | 

Which do afford usa third thing; which will yet more {weeten the En: 
quiry,and that isa multitude of infortiation 5 We are not fo muchto grope 
in the dark, as in moft other Enquiries, where the Ieventum is great 5 for 
having fuch a multitude of inftances to compare, and fuch eafie ways of 
generating jor compounding and; of deftroyiag the form,as In the Solution 
and Cryftallization of Salts, we cannot but learn plentifull information to 
proceed by. And this will further appear from the univeríalicy-ó£ the 
Principle which Nature has made ufe of almoftinall inanimate bodies. . 
Andtherefore, asthe contemplation of them all conduces to the knów- 
ledg of any one; fo from a Scientitical knowledge of any one does follow 
the fame of all, and every one. me 

And fourthly, for the ufefulnefs of this knowledge, when acquir'd, 
certainly none can doubt, that confiders that it caries us a ftep for- 
ward into the Labirintli of Nature, in the right way towards'the'end 
we propofe our {elves in all Philofophical Enquiries. So that’ know: 


oagulations of feveral Salts to: 
of what Figure the product of 
as many circumftances as I fhould 


or acting uponthofe 
dies before and after 


, ing what is’the form of Inanimate or Mineral bodies; we thall be the 


better able to proceed in our next Enquiry after the forms of Vcgéta* 
tive 
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tive bodies; and laft of all, of Animate on 
higheft ftep of patural knowledge that the m 


es, that feeming to be the 
ind of manis capable o 
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Obferv. XIV. Of feveral kindes of frozen Figures. 


Have very often ina Morning, when there has been a great hoar-froft, 
with an indifferently magnifying Microfcope, obferv'd the {mall Stiria, 
or Cryftalline beard, which then ufually covers the face of moft bodies 
that lie open to the cold air, and found them to be generally Heaangular 
prifmatical bodies, much like the long Cryftals of Salt-peter, fave onely 
that the ends of them were differing : for whereas thofe of Nitre are for 


the moft part pyramidal, being terminated either in a point or edges 


-thefe of Froft were hollow, and the cavity in fome feem d pretty deep, 


and thiscavity was the more plainly to be feen, becaufe ufually one or 
other of the fix parallelogram fides was wanting, or at leaft much fhorter 
then the reft. 

But this was onely the Figure of the Bearded boar-frofl 5 and asfor the 
patticles of other kinds of hoar-frofis, they (cem d for the moft part irre- 
gular, or of no certáin.Figure. Nay, the parts of thofe curious branch. 
ings, Or vertices, that ufually in cold weather tarnith the furface of 
Glaís, appear through the Microfcope very. rude and unfhapen, as do 
moft other kinds of frozen Faguress which to the naked eye feem exceed- 
ing neat and curious, fach as the Figures of Snow, frozen Urine, Hail, 
feveral Figures frozen in common Water,C?c. Some Obfervations of each 
of which I fhall, hereunto annex, becaufe if well confiderd and ex- 
amind, they may, perhaps, prove Very inftructive for the finding out of 
what I have endeavoured in the preceding Obfervation to. fhew, to 
(next the Globular Figure which is caus d by congruity, asi hope I have 
made probable in the Gxth Obféroation) the moft fimple and plain opera 
tion of Nature, of which, notwithftanding we are yet ignorant. 


I. 


Several Obfervables in the fix-branched Figures form'd on the furs 


face of Urine by freezing. 


1. The Figures were all frozen almoft even with the furface of. the 


Qyrine inthe Veflel, but the bigger {tems were.a little prominent above 
that furface, and the parts of thole {tems which were neareft the center 
(4). were biggeft above the furface. ba 

2 Ihave obíerv d feveral kinds of thefe Figures, fome fmaller, no big: 
ger then a I wo-pence, others fo bigg, that Lhave b meafure found one 
of its {tems or branches above four foot long 5 an of thefe, (ome were 


pretty round, having all their branches pretty meer alike ; other of them | 


were more extended towards one fide, asufually thofe very large ones 
" were 
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MircroGRAPHIA. 
another according to a certain order or method, which I always obferv'd 
to be this. 

12. That fide of a collateral or fubcollateral, &c.. branch, lay over the 
fide of the approximate (as the feathers in the wing of a Bird) whofe 
branchings proceeded parallel to the laft biggeft ftem from which it 
fprung,and not to the biggeft ftem of all, unlefsthat were a fecond ftem 
backwards. 

13 This rule that held in the branchings of the Sexangular Figure held 
alfo in the branchings of any other great or fmall ftem, though it did 
not proceed from a center. 

14. The exactnefs and curiofity of the figuration of thefe branches, 
was in every particular fo tranfcendent, that I judge it almoft impoffible 
for humane art to imitate. 

15 Tafting feveral cleer pieces of this Zee, I could not find any Uria- 
ous tafte inthem, but thofe few I tafted, feem d as infipid as water. 

16 A figuration fomewhat like this, though indeed in fome particu- 
Jars much more curious, I have feveral times obferv'd in regulus martis 

ellatus, but with this difference, that all the ftems and branchings are 
bended in a moft excellent and regular order, whereas in Ice the ftems 
and branchings are ftreight, but in all other particulars it agrees with 
this, and feems indeed nothing but one of thefe ftars,or branched Figures 


frozen on Urine, diftorted, or wreathed a little, with a certain propor- . 


tion: Leadalío that has Arfemick, and (ome other things mixt with it, I 
have found to have its furface, when faffer'd to cool, figured fomewhat 
like the branchings of Urzze, but much finaller. 

17 But there is a Vegetable which does.exceedingly imitate thefe 
branches, and that is, Fearz, where the main ftem may be obferv'd to 
{hoot out branches, and the ftems of each of thefe /ateral branches, to. 
fend forth col/ateral, and thofe fubcollateral, and thofe /atero fubcollate- 
ral, &c. and all thofe much after the fame order with the branchings, di- 
vifions, and fubdivifions in the branchings of thefe Figures in frozen 
Vrine; fo that if the Figures of both be well confider'd, one would ghefs 


that there were not much greater need of a feminal principle for the pto- . 


duction of Fearx, then for the produ&tion of the branches of Wrivé, or 

the Stella martis, there. feeming to be as much form and beaucy in. the 

one as in the other. arp 
And indeed, this Plant of Fearz, if all particulars be well ,confider'd, 


will feem of as fimple, and uncompounded a form as any Vegetable, next. 


to Aeuld or Mufhromes, and would next after the invention of the forms 
of thofe, deferve to be enquir d into 5 for notwithftanding feveral have 
affirm’d it to have feed, and to be propagated. thereby 5 yet, though] 
have made very diligent enquiry after that particular, I cannot find that 
there is any part of it that can be imagin'd to be more feminal thenan- 
other: But this onely here by the by: 
For the freezing Figuresin Urize, I found it requifite, = 
Firft, that the Superficies be not difturbed with any wind, or other 
commotion of the air, or the like, 1 39d 
Secondly. | 
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Secondly, that it be net too long expofed, fo as that the whole bulk 
be frozen.for oftentimes,in fuch cales,by reafon of the {welling the of Ice, 
or from fome other caufe, the curious branched F igures difappear. 

Thirdly, an artificial freezing with Svow and Salt, apply'd to the out: 
fide of the containing Veflel, fucceeds not well, unlefs there be avery 
little quantity in the Vefiel. 

Fourthly, If you take any cleer and fmooth Glafs, and wetting all the 
infide of it with Urine, you expofe it toa very fharp freezing, you will 
find it cover'd with a very regular and curious Figure. 


I. 
Obfervables in figur d Snow: 


2I 


Expofing a piece of black Cloth, or a black Hatt to the falling Snow, ie 


I have often with great pleafure, obferv'd füch an infinite variety of cu- 
rioufly figur'd som, that it would be asimpoflible to draw the F igure 
and fhape of every one of them, as to imitate éxactly the curious and 
Geometrical Afechanifme of Naturein any one. Some cooríe draughts, 
fuch as the coldnefs of the weather, and the ill provifions, I had by me 
for fuch a purpofe, would permit me to make, I have here added inthe 
Second Figure of the Eighth scheme. 

Inall which { obferv d, that if they were of any regular Figures, they 
were always branched out with fix principal branches, all of equal length, 
fhape and make, from the center, being each of them inclin'd to either of 
the next branches on either fide of it, by an angle of fixty degrees. 

Now, asall thefe {tems were for the moft part in one flake exactly of 
the fame'make, fo were they in differing Figures of very differing oness 
fo that in a very little tirne I have obferv'd above an hundred feveral cizes 
and fhapes of thefe ftarry flakes. 

The branches alfo out of each ftem of any one of thefe flakes, were ex- 
attly alike in the fame flakes ío that of whatever Figure one of the 
branches were, the other five were fure to. be of the fame, very exadlly, 
that is, if the branchings of the one were {mall PeraZelipiped: or. Plates, 
the branchings of the other five were, of the fame 5 and generally, the 
branchings were very conformable to the rules and method obferv d be? 
fore, inthe Figures on Urine, that is, the branchingsfrom each fideiof 


the ftems were parallel to the next ftem on that fide, and if the ftems 


were plated, the branches alfo were the fame; if the {tems werevery 

long, the branches alfo were fo, €; | 
Obferving fome of thefe figur'd flakes with a Aicro/cope, I found them 
not to appear fo curious and exactly figur'd as one would have imagin‘d, 
but like Artificial Figures, the bigger they were magnify d, the more ir- 
regularites appear d in them ; but this irregularity íeem d. afcribable to 
the thawing and breaking of the flake by the fall, and not at all to the 
defect of the plaftick virtue of Nature, whofe curiofity in the formation 
of moft of thefe;kind of regular Figures,fuchas thofe of Salt, Minerals,&c. 
O 2 appears 
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appears by the help of the Aficrofcope, to be very many degrees fmaller 
then the moft acute eye is able to perceive without it. And though one 
ofthefe fix-branched Stars appear d here below much of the fhape de- 
(cribed in the Third Figure of the Eighth Scheme; yet Lam very apt to 
think,that could we have a fight of one of them througha Microfcope as 
they are generated in the Clouds before their Figures are vitiated by 
external accidents,they would exhibit abundance of curiofity and neat- 
nef there alfo, though never fo much magnify d : For fince I have ob- 
ferv'd the Figures of Salts and Minerals to be ome of them fo exceeding 
Ímall, that I have fcarcely been able to perceive them with the Adzerofcope, 
and yet have they been regular, and fince (as far as [have yet examind 
it) there feems to be but one and the fame caufe that produces both thefe 
effects, I think it not irrational to fappofe that thefe pretty figur d Stars 
of Snow, when at firft generated might be alfo very regular and exact. 


I1I. 
Several kinds of Figures in Water frozen. 


Putting fair Water into a large capacious Veflel of Glafs, and expofing 
it tothe cold, I obferv'd after a little time, feveral broad, flat, and thin 
lamine, or plates of Ice, crofling the bulk of the water and one another 
very irregularly, onely moft of them feem'd to turn one of their edgesto- 
wards that fide of the Glafs which was next it, and feem'd to grow, as 
'twere from the infide of the Veflel inwards towards the middle, almoft 
like fo many blades of Fern. Having taken feveral of thefe plates out of 
water on eke blade of a Knife, Lobferv'd them figurd much after the 
manner of Herring bones, or Fern blades, that is, there was one bigget 
ftem in the middle like the back-bone, and out of it, on either fide, were 
a multitude of {mall /t#ie, or icicles, like the fmaller bones,or the fmaller 
branches in Fern, each of thefe branches on the one fide, were parallel to 
all the reft on the fame fide, and all of them feem'd to make an angle 
with the ftem,towards the top, of fixty degrees, and towards the bot 
tom or root of this ftem, of 120. See the fourth Figure of the 8. Plate. — 

1 obferv’d likewife feveral very pretty varieties of Figures in Water, 
frozen‘on the top of a broad flat Marble-ftone, exposd tothe cold with 
4 little Water on it, fome like feathers, fome of other fhapes, many of 
them were very much of the fhape expreft in the fifth Figure of the 
8, scheme, which is extremely differing from any of the other Figures.” 

I obferv'd likewife, that the (hootings of Zce on the top of Water, be- 
ginning to freez, were in freight pri matical bodies much Hike thofe of 
roch-peter, that they croft each other ufually without any kind of erder 
or rule; that they were always little higher then the furface of the Wa- 
tér-that lay between thems. that by degrees thofe ?ztérjacent {paces 
would be fill'd with Ke alfo, which ufaally would be as high as the fur- 
face’ of the reft. \ 
Inflakes of Jce that had been frozen om the top of Water to-any con 
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fiderable thicknefs, f ob(erv'd that both the upper and the under Fides 
of it were cultoufly quill'd, furrow'd, or grain'd, asit were, which when 
the Sun fhone on the Plate, was exceeding eafily to-be perceiv’d to be 
much after the fhape of the lines in the 6. Frgure et the 8. Scheme. chat i 
they confifted of feveral ftreight ends of parallel Plates, which were of 
divers lengths and angles to‘one another without any certain order. 

The caufe of all which regular Figures (and of hundreds of others, 
namely of Salts, Afinerals, Metals, &c. which I could have here inféited, 
would it not have been too long) feemstó be deducible from the fame 
Principles,which [have (in the 13. Obferoatiow) hinted only, having not 
yet had timeto compleat a Theory of them. But indeed (which T there 
alfo hinted) 1 judge it the fecond ftep by which the Pyramid of natiié 
ral knowledge (which is the knowledge of the form of bodies) is tó 
be afcended: And whofoever will climb it; muft be well furniflrd 
with that which the Noble Verulam calls Scala Inteleci»s 5 he mult 
have feafing Ladders, otherwifé the fteps are fo large and high, there 
will be no dein up them, and confequently little hopes of attaining 
any higher ftation, fuch as to the knowledge of the moft fimple principle 
of Vegetation manifefted i Mould and Mufhromes, which, as I elle 
where endeavoured to fhew, feems to be the third fteps for it feemsto 
me, that the Intellect of manis like his body, deftitute of Wings; aiid 
cannot move from a lower toa higher and more füblime ftation of Know- 
ledg;otherwife then ftep by ftep nay even there where the Way is prepár'd 
ad already made paflible ; as in the Elements of Geometry, ot the like, 
Where it is fain to climb a whole fer/er of Propofitions by degrees, béfore 
it attains the knowledge of one Probleme. But if the afcent be high, di£ 
ficult and above its reach, it muft have recourfe to 4 HÜUNZZ OYgÀATMPL, 
fome new engitie and contrivance, fome new kind of Aleebra, ot Anily- 
tick Art before it can fütmount It; 


* 


Obferv. XV. Of Ketteting-ftone, and of the pores. of Inanis 
mate bodies, 


. Am Stone which is brought from Kétrerizg in Nortbasepton-fDire and 
digg d out of a Quarry, as T am inform d, has a grain altogether 
admirable, nor have I everfeen or heard of any other {tone that has the 
like. It is made up of an innumerable company of {hall bodies, not all 
of the fame cize or fhape, but for the moft part, not fitch differing from 
a Globular form, nor exceed they one another in Diameter above three 
or four tithes ; they appear to the eye, like thé Cobb or Ovaty of a Her- 
ring, or {ome finallet fifhes, but for the moft part, the particles feem 
omewhat lefs, and not fo uniform; but their variation Ion à perfect 
globular ball,feems to be only by the preffüre of the contiguous bals which 
have a little depreft and protruded thofe tóucht fides inward, and fers d 
the 
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After what manner this Kettering-ftone fhould be generated I cannot 
learn, having never been there to view the place, and obíervethe cir- 
cumftances ; but it fcems to me from the ftructure of it to be generated 
from fome fubftance once more fluid, and afterwards by degrees growing 
harder, almoft after the fame manner as I fuppofed the generation of 
Flints to be made. 

But whatever were the caufe of its curious texture, we may learn this 
information from it; that even in thofe things which we. account vile, 
rude,and coorfe, Nature has not been wanting to fhew abundance of cu- 
riofity and excellent Mechanifme. | odo 

We may here find a Stone by help of a Adicrofcope, to be made up of 
abundance of {mall Balls, which do but juft touch each other, and yet 
there being fo many conta¢ts,they make a firm hard maís, or a Stone much 
harder then Free-{tone. 

Next, though we can by a Aficrofcope difcern fo curious a fhapein the 
particles, yet to the naked eye there ícarce appears any fuch thing’; 
which may afford us a good argument to think, that even in thofe bodies 
alfo, whole texture we are not ableto difcern, though help'd with Aéicro- 

Jcopes, there may beyet /atezt ío curiousa Schematifme, that it may abun- 
dantly fatisfie the curious fearcher, who fhall be fo happy as to find fome 
way to difcover it. | T 

Next, we here find a Stone, though to the naked eye a very clofe one, 
yet every way perforated with innumerable pores,which are nothing elía 
but the zzterfHtia,between thofe multitudes of minute globular particles, 
that compofe the bulk it felf; and thefe pores are not only diícover'd.by 
the Z4icrofcope, but by this contrivance. | 

Itook a pretty large piece of this ftone, and covering it allover with 
cement, fave only at two oppofite parts, I found my ‘felf able, by blowing 
in at one end that was left open, to blow my fpittle, with which I had wet 
the other end, into abundance of bubbles, which argued thefe pores to 
be open and pervious through the whole ftone, which affords usa very 

retty inftance of the poroufnefs-of fome feemingly clofg bodies;of which 
kind Hall anon have occafion to fubjoyn many more, tending to:prove 
the fame thing. 

I muft not here omit to take notice, that in this body there is not a 
vegetative faculty that fhould fo conttive this ftructure for any peculiar 
ufe of Vegetation or growth, whereas in the other inftances of vegetable 
porous bodies, there isan anima, or forma informans, that does contrive 
all the Structures and zecbazifzres of the conftituting body,. to make 
them fubfervient and ufefull to the great Work or Function they are to 
perform. And fo I ghefs the pores in Wood, and other vegetablés, in 
bones,aud other Animal fubftances,to be as fo many channels,provided by 
the Great and Alwife Creator, for the conveyance of appropriated; juyces 
to particular parts. And therefore,that this may tend, or be pervious all 
towards one part,and may have impediments,as valves or the like; to an 
other but in this body we have very little reafon to fufpe& there thould 
be any füch defign; for it is equally pervious every way, not ims 

ward, 
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ward, but backwards,and fide-ways, and fecins indeed much rather to be 
which we may with great proba- 


Homogencows or fimilar to thofe pores, 
llucid bodies, not dire&ted, or more 


bility believe to be the channels of pe/uc 
open any one Way, then any other, being equally pervious every way, 
And, according as thefe pores are more or greater v» refpe&t of the iz- 


terftitial bodies, the more tranfparent are the fo conftituted concreteés 5 
and the fmaller thofe pores are» the weaker is the Imepulfe of light com- 
gnunicated through them, though the more quick be the progrefs. 

Upon this Occafion, Ihopeit will not be altogether unfeafonable, if I 
propound my conjectures and Hypothefis about the medinm and cone 


veyance of light. 
that the greateft part of the Interflitia of the world, 


I fuppofe then, 
that lies between the bodies of the Sun and Starrs, and the Planets, and 
the Earth, to be an exceeding fluid body, very apt and ready to be 


mov d,and to communicate the motion of any one part to any other part, 
though never fo far diftant : Nor do I much concern my felf, to deter- 
mine what the Figure of the particles of this exceedingly fubtile fluid 
medium mutt bes nor whether it have any interítitiated pores or vacui- 
ties,it being fufficient to folve all the Phenomena to fuppofe it an exceed+ 
ingly fluid, or the moft fluid body inthe world, and as yet impoflible to 
determine the other difficulties. | 
That being fo exceeding fluid a body, it eafily gives paflage to all other 
bodiesto move to and froin it. 


That it neither receives from. any of its parts, or from other bodies5 


nor communicates to any of its parts, ot to any other body, any impulfe, 
or motion in a dire& line, that is not of a determinate quicknefs. And 
that: when the motion is of fuch determinate fwiftnefs, it both receives, 
and communicates,or propagates an impulfe or motion to any imaginable 
diftance in ftreight lines, with an unimaginable celerity and vigour. 
That all kind of folid bodies confift of pretty mafíie particles in re 
fpe&t of the particles of this fluid zzediuz, which in many places do to 
touch cach other hat none of this Fluid medina interpofes much after the 
fame mannner (to ufe a grofs fimilitude) asa heap of great ftones compafs 
one great congeries Or mafs in the midft of the water. 
That all fluid bodies which we may call tangible, are nothing but fome 
more fubtile parts of thofe particles, that ferve to conftiture all tangible. 


bodies. , 

That the water; and fuch other fluid bodies, are nothing but a 
congeries of particles agitated or made fluid by it in the fame manner 48 
the particles of Salt are agitated or made fluid by a parcel of water; in 
which they are diflolv'd, and fübfiding to the bottom of it, conftitute a 
fluid body, much more maflie and denfe, and lefs fluid then the pure 


water it felf. | 
| "hat the air on the other fide isa certain company of particles of quite 
another kind, that is, fuch as are very much fmaller, and more eafiely 
fnoveable by the motion of this fluid medina’, much like thofe very fub- 


tile parts of Cocheneland other very deeptinging bodies,where by a - 
Lae 5 
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{mall parcel of matteris able to tinge and diffufe it felf over a very great 

uantity of the fluid diflolvent ; or fomewhat after that manner ae 
foods: and fuch like thinute bodies, or {teams, are obferv'd to tinge 4 
very great quantity of airs onely this laft fimilitude is deficient in one 
propricty, and that is a perpetuity or continuance in that ftate of com- 
mixture with the air, but the former does more neerly approach to the 
nature and manner of the air's being diflolv'd by this fluid or 4£/£er. 
And this Similitude will further hold in thefe proprieties; that as thofe 
tinctures may be increafed by certain bodies,fo may they be precipitated 
by others 5 as I fhall afterwards thew it to be very probable, that the like 
accidents happen even to the Air it felf. ; 

Further, as thefe folutions and tinctures do alter the nature of thefe 
fluid bodies,asto their aptnefs to propagate a motion or impulfe through 
them, even fo does the particles of the Air, Water, and other fluid bor 
dies, and of Glafs, Cryftal;€?v, which are commixt with this bulk of the 
ther, alter the motion of the propagated pulfe of lights that is, where 
theíe more bulkie particles are more plentifull, and confequently a lefler 
quantity of the Zther between them to be tnov'd;there the motion muft 
neceflarily be the fwifier,though not fo robuft, which will produce thofe 
effects, which I have (I hope) with fome probability, afcribed to itin 
the digreflion about Colours, at the .end of the Obfervations on Muf 
£vuy-elaft. 

Now, that other Stones, and thofe which have the clofeft and hardef 
textures, and feem (as far as we are ableto difeover with Our eyes; 
though help'd with the beft ZZicrofcopes) freeft from pores, are yet bote 
withftanding replenifh d with them ; an Inftance or two will, I fuppofe, 
make more probable. 

A very folid and unflaw'd piece of cleer white Z4arb/e, ifitbe well 
polifh'd and glaz'd, has {fo curioutly fmooth a furface, that the beft and 
moft poliihd furface of any wrought-glafs; {eems not to the naked eye, 
nor through a Z4icrofcope; to be more finooth, and lefs porous: And yet; 
that this hard clofe body is replenith’d with abutidance of pores; {think 
thefe following Experiments will fufficiently prove. 

: The firft is, That if you take fuch a piece, and for a pretty while boyl 
it in Turpentine and Oy! of Turpentine, you thal! find that the ftone will 
be all imbu'd with it 5 and whereas before it look'd more white,but more 
epacous, now it will look tore greafie, but be much more trahfparent; 
and if you let it lie but a little while, and then break off apart ofic, you 
thall find the unctuous body to have penetrated it to.füch a determinate 
sdepthevery way within the furface. Thistnay be yet eafier try d with a 
piece of the fame AZarble, alittle warm’d in the fire,and then alittle Picch 
or Tarr melted onthetop‘of its for thefe black bodies, | by their fofiny- 
ating themfelves into theinvifible pores of the ftone, tingit with fo black 
a hue, that there can be no furthet doubt of the truth of this affertion, 
"that it abounds with fmall imperceptible pores. |^ (a as 
‘Now, that other bodies will alfo fink into the pores of AZarble, 'befides 
-unéiugus, 1 have try d, and found, ee Blue tincture made in 
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irit of Urine would very readily and eafily fink into it, as would alfo 


{everal tinctures drawn with pirit of Wine. | 
Nor is Marble the only feemingly clofe ftone, which by other kinds of 


Experiments may be found porous; for I have by this kind of Experi- 
ment on divers other {tones found much the fame effect, and in fome, in- 
deed much more notable. Other {tones I have found fo porous, that with 
the Aticrofeope 1 could perceive feveral {mall winding holes, much like 
Worm-holes,asI have noted in fome kind of Purbeck-fione, by looking on 
the furface of a piece newly flaw'd off; forif otherwife, the furface has 
been long expos to the Air, or has been fcraped with any tool, thofe 
fmall caverns are fill'd with duft,and difappear. 

And to confirm this Cozjeure, yet further,] fhall here infert an excel- 
lent account,given into the Royal Society by that Eminently Learned Phy- 
fician, Do&or Goddard, of an Experiment, not lefs inftru&tivefthen curi- 
ous and accurate, made by bimiclf on a very hard and feemingly clofe 
ftone call'd Oculus Mundi, as | find it preferv'd in the Records of that 


Honourable Society. 


A {mall ftone of the kind, call'd by fome Authours, Oculus 
Mundi, being dry and cloudy, weighd 5% Grains. 

The fame put under water for a night, and fomewhat more, 
became tranfparent, and the fuperficies being wiped dry, 
weighed 6 2; Grains. 

The difference between thefe two weights, © ;7 of a Grain. 

The fame Stone kept out of water one Day and. becoming 
cloudy again weighed, 57 Graines. Ó 

Which was more then the firft weight, oz of a Grain. 

The fame being kept two Days longer weighed, 57 Grains. 

Which was lefs then at firft, o7; of a Grain. M 


lighter. | 

Being put under water for a night and becoming again tranf- 
parent and wiped dry, the weight was, 63, Grains, the fame 
with the firft after putting in water, and more then the lat 
weight after keeping of it dry; o: of a Grain. T 

Another Stone of the famekind being variegated with milky 
white and gray like fome forts of Agates, while it lay under water, 
was alwaies invironed with litte Bubbles, fuch as appear in 


Being kept dry fomething longer it did not grow fenfibly - 


water 


| 
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water a little before boyling, next the fides of the Vee, 

There were alfo fome the like Bubbles oa the Surface of the 
water juft over it, as if either fome exhalations came out of it, 
or that it did excite fome fermentation in the parts of the water 
contig uous to it. 

There was little fenfible difference in the tranfparency of this 
Stone,before the putting under water, and after ; To befure the 
milky-white parts continuedas before, but more difference in 
weight then in the former. For whereas before the putting 
into the water the weight was 18% Grains. After it had lyen 
in about four and twenty hours the weight was 20°% Graines, fo 
the difference was, 12, Graines. 

The fame Stone was infufed in the water fcalding hot, and fo 
continued for a while after it was cold, but gotno more weight 
then upon infufing in the cold, neither was there any fenfible 
Difference in the weight both times. 


In which Experiment,there are three Obfervables,that feem very mani- 
feftly to prove the poroufnefs of thefe feemingly clofe bodies: the firft 
is their acquiring a tranfparency; and lofing their whiteness after [teeping 
in water, which will feem the more ftrongly to atgue ir, if What I have 
already faid about the making tran{parent, or clarifying of forie bodies, 
as the white powder of beaten Gláfs, and the froth of fome glutinous 
ttan{parent liquor be well confider'ds for thereby it will em rational 
to think that this tranfparency árifes from the infihuation of the Water 
(which has much the fame refraction with fuch ftony particles; 48 tiay bé 
difcoverd by Sand view d with a Aficrofcope)into thofe pores which were 
formerly repleat with air (that has a very differing refraction, and con- 
fequently is very reflective) which feems to be confirm’d by the fecond 
Obfervable, namely, che increafe of weight afterfteeping, and decreafe 
upon drying. And thirdly,feem’d yet more fenfibly confirm'd by the mul- 
titude of bubbles in thé laft Experiment. 

We find alfo moft Acid Salts very readily to diffolve and feéparate the 
parts of this body one frofi another ; which is yet a further Árgürnent có 
confirm the poroüfnefs of bodies, and will ferve as flich, td thew that 
even Glafs al has an aburidari¢e of pores in it,fiticé there dre fevetal Ti« 
quors, that with long ftaying itia Glafs, will fo Corrodé and eat itito it, as 
at laft, to make it pervious to the Jiquor it contaitrd, of which T have 
feen vety tnany Inftances. E n 

Since therefore we find by other proofs, that many of thoi —— 
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which we think the moft folid ones, and appear fo to our fight, have not- 
withftanding abundance of thofe grofler kind of pores, which will ad- 
mit feveral kinds of liquors into them, why fhould we not believe that 
Glafs, and all other tranfparent bodies abound with them, fince we have 
many other arguments; befides the propagation of light, which feemto 
argue for it ? ab 

And whereas it may be objected, that the propagation of light is no 
argument that there are thofe atomical pores in glaís, fince there are Hy- 
pothefes  plaufible enough to folve thofe Phenomena, by fuppofing the 
pulfe onely to be communicated through the tranfparent body. 

To this Lanfwer,, that that Hypothefs which the induftrious Z4oreanus 
has publifh'd about the (lower motion of the end ofa Ray in a denfer 
medinw,then in a more rare'and thin,feems altogether unfufficient to folve 
abundance of Phenomena, of which this is not the leaft confiderable,that 
it is impoffible from that fuppofition, that any colours fhould be gene- 
rated from the refraction of the Rays; for (ince by that Hypothefis the 
undulating pulfe is always carried perpendicular, or at right angles with 
the Ray. or Line of dire&ion, it follows, that the ftroke of the pulfe of 
light, after it has been once or twice refracted (through a Prifme,for ex- 
ample) muft affect the eye with the fame kind of ftroke as if it had not 
been réfracted at all. Nor will it be enough for a Defendant of that Hy- 
pothefis, tofay, that perhaps itis becaufe the refractions have made the 
Rays more weak, for if fo, then two refractions in the two parallel fides 
of a Quadrangular Prifme would produce colours, but we have no fuch 
Phenomena produc d. 

There are feveral Arguments that I could bring to evince that there 
are in all tranfparent bodies fuch atomical pores. And that there is fuch 
a fluid body as I am arguing for, which is the medinm, or Inftrument, by 
which the pulfe of Light is conve d from the /ucid body to the en- 
lightnd. But that it being a digrefiion from the Obfervations T'was re- 
cording, about the Pores of Kettering Stone, it would be too much fuch, 
if I fhould protraé it too long; and therefore I fhall proceed, to the 
next Obfervation. 


Obferv. XVI. Of Charcoal, or burnt Vegetables. 


Harcoal,or a Vegetable burnt black,affords an object:no lefs pleafant 
X, a than inftructive ; for if youtake a {mall round Charcoal,and break 
it fhort with your fingers, you may perceive it to break with a very 
fmooth and fleck furface, almoft like the furface of black fealing Wax; 
this furface, if it be look'd on with an ordinary A£crofcepe, does manifelt 
abundance of thofe pores which are alfo vifible to the eye in many kinds 
of Wood, rang d round the pith, both a in kind of circular order, anda 
radiant one. Of thefe there are a multitude in the fubftance of the Coal, 
everywhere almoft. perforating and drilling it from end to ends by 
P i à; means 
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means of which, be the Coal never fo long, you may eafily blow through 
it 5 and this you may prefently find,by wetting one end of it with Spittle, 
and blowing at the other. 

But this is not all, for befides thofe many great and confpicuous irre- 
gular {pots or pores, if a better Aficroféope be made ufe of; there will ap- 
pear an infinite company of exceedingly fmall; and very regular poftes, 
fo thick and fo orderly fet, and fo clofe to one ahóther, that they leave 
very little room or fpace between them to be fill’d witha folid body, for 
the apparent ‘interflitia, or feparating fides of thefe pores (eem fo thinin 
fome places, that the texture of a Honey-comb cannot be more: porous. 
Though this be not every where fo, the intercurrent partitions in 
fome places being very much thicker in proportion to the holes. 

Mott of thefe {mall pores feem'd to be pretty round, and were ranp'd 
in rows that radiated from the pith to the barks they all of them 
Íícem'd to be continued open pores, running the whole length of the 
Stick 5 and that they were all perforated, I try d by breaking off a very 
thin (liver of the Coal crofs-ways, and then with my Aicrofcope,diligent- 
ly furveying them againft the light, for by that.means I was able to fee 
quite through them. ione 

Thefe pores were {0 exceeding fmall and thick,that ina line of them, 
ze part of an Inch long, I found by numbring them no lefs then 150. 
{mall pores ; and therefore in a line of them an Inch long, mutt be no lef 
then 2700. pores, and in a circular area of an Inch diameter, muft be 
about 5725350. of the like pores; fo that a Stick of an Inch Diameter, 
may containe no lefs then feven hundred and twenty five thonfand, be- 
fides 5 Millions of pores,which would, I doubt not, feem even ineredible, 
were not every one left to believe his own eyes. Nay, having fince ex- 
amin'd Cocus, black and green Ebony, Lignunt Vite,&c. I found, that all 
thefe Woods have their pores, abundantly ímallerthen thofe of {oft light 
Wood; in fo much, that thofe of Guajacuz {eem’d not above: an eighth 
part of the bignefs of the pores of Beech, but then the. Interflitia were 
thicker ; fo prodigioufly curious are the contrivances, pipes, or fluces by 
which the Succws nutritivs, or Juyce of a Vegetable is convey'd fiom 
place to place. 

This Ob/ervation feems to afford us the true reafon of feveral Phe- 
nomena ot Coals ; as ; 

Firft, why they look black; and for this we need go no further then 
the scheme, for certainly, a body that has fo many pores in it as this is dif- 
cover d to have, from each of which no light is reflected, muft necefüarily 
look black, efpecially, when the poresare fomewhat bigger in proporti- 

on to the intervals then they are cut in the Scheme, black being nothing 
elfe buta privation of Light, or a want of reflection ; and wherefover 
this reflecting quality is deficient, there does that part look black; whe- 
ther it be from a poroufnefs of the body, asin thisIn{tance,or in a deadning 
and dulling quality, fuch as I haveobferv'd in the-Scorza of Lead, Tin, 
Silver, Copper, ec. 10 2338 * 

Next, we may alío as plainly fee the reafon of itsthining quality, n: 

that 
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that is from the even breaking off of the ftick, the folid interfiitia 
having a regular termination or furface, and having a pretty ftrong re- 
fiecting quality, the many {mall reflections become united to the naked 
eye, and make a very pretty fhining furface. PM 

Thirdly,the reafon of its hardnefs and brittlenefs feems evident, for fince 
all the watery or liquid fubftance that moiftn'd ard toughn d thofe Inter- 

itia of the more folid parts, are evaporated and remov'd, that which 
is left hehind becomes of the nature almoft of a ftone, which will not at 
all, or very little,bend without a divulfion or folution of its continuity. 

It is not my defign at prefent, to examine the ufe and Adechani/me of 
thefe parts of Wood, that being more proper to another Enquiry 5 but 
rather to hint, that from this Experiment we may learn, 

Firft, what is the caufe ofthe blacknefs of many burnt bodies, which 
we may find to be nothing elfe but this; that the heat of the fire agi- 
tating and rarifying the waterifh, tranfparent, and volatile water that is 
contain'd in them,by the continuation of that action, does fo totally expel 
and drive away all that which before fill d the pores, and was difpersd 
alfo through the folid mafs of it, and thereby caus d an univerfal kind of 
tranfparency, that it not onely leaves all the pores empty, but all the Jn- 
terflitia alo fo dry and opacows, and perhaps alfo yet further perforated, 
that that light onely is reflected back which falls upon the very outward 
edges of the pores, all they that enter into the pores of the body, never 
returning, but being loft in it. 

Now, that the Charring or coaling of a body is nothing elfe, may be 
eafily believ'd by one that fhall confider the means of its produttion, 
which may be done after this, or any fuch manner. The body tobe 
charr'd or coal'd, may be put into a Crucible,Pot,or any other V efle] that 
willendure to be made red-hot in the Fire without breaking, and then 
cover'd over with Sand, fo as no part of it be fuffer'd to be open tothe 
Air, then fet into a good Fire, and there kept till the Sand has continu'd 
red hot for a quarter, half, an hour or two, or more, according to the 
nature and bignefs ofthe body tobe coal'd or charr d, then taking it out 
ofthe Fire,and letting it ftand till it be quite cold,the body may be taken 
out of the Sand well charr'd and cleans'd of its waterifh parts; but inthe 
taking of it out, care muft be had that the Sand be very neer cold, for 
elfe, when it comesinto the free dir, it will take fire, and readily burn 
away. E 

This ray be done alío in any clofe Vefiel of Glafs, as a Retort, ot thé 
like, and the feveral fluid fubftances that come over may be receiv'd in 
a fit Recipient, which will yet further countenance this Hypotbefis : A 
their manner of charring Wood in great quantity comes much to the fame 
thing, aede an application of a great heat to the body, and ju 
it from the free accefs of the devouring air; this may be eafily learn’ 
from the Hiftory of Charring of Coal, moft excellently deferib’d arid 
publi(lrd by that moft accomplifh’d Gentleman, Mr. job» Evelin, in the 
100, or, 103, pages of his Sylva, to which I fhall therefore refer the cu 
rious Reader that defires a full information of it. xi 
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Next, we may learn what part ofthe Wood it isthat is the tombuflible. 
matter 5 for fince we (hall find that none, or very little of thofe fluid fub- 
ftances that are driven over into the Receiver are combuftible, and that 
moft of that which is left behind is fo, it follows, thatthe folid interflitia 
of the Wood are the combuftible matter. Further, the reafori why und 
charr'd Wood burns with a greater flame then that which is chair d, i5 as 
evident, becaufe thofe waterifh or volatil parts itluing out of the fired 
Wood, every way, not onely fhatter and open the body, the:better for 
the fire to enter, but ifluing out in vapours or wind, they become'like 
fo many little eolipiles, or Bellows, whereby they blow and agitate the 
fir d part, and conduce to the more fpeedy and violent confumption or 
diflolution of the body. 02 gui [ 

Thirdly, from the Experiment of charring of Coals (whereby sve fee 
that notwithítanding the great heat, and the duration of it; the folid 
farts of the Wood remain, whileftthey are preíerv'd: from the free accefs 
of the air undiflipated) we may learn,that which has not,that I: know of, 
been publifb'd or hinted, nay, not fo much as thought of, by any; and 
that in fhort is this. lor | 

Firft, that the Air in which we live, move, and. breath, and which en- 
compafles very many, and cherifhes moft bodies it encompafies, that this 
Air is the menftruum,oruniverfal diffolvent of all sulphureows bodies... . 

Secondly, that this action it performs not, till the. body be firít.fuffi- 
ciently heated,. as we find requifite alfo to the diflolution of many other 
bodies by feveral other men/trunms. ls 19,.59n5fidui 

Thirdly, that this ation. of difiolution, produces or genetates'a very 
great heat,and that which we call Fire 5 and this iscómmon alfo to many 
diflolutions of other bodies, made by mexfiruums, of which I could give 
multitudes of Inftances. i541 290131 

Fourthly, that this action is perform'd with fo great a violence, and 
does fo minutely act, and. rapidly agitate themalleft parts of the cow- 
buflible matter, that it produces in the diaphanous.mediumlof the Air; the 
action or pulfe of light,which what itis, I have elfe-where already fhewn. 

Fifthly,that the diffolution of fulphureous bodies is made by afubftance 
inherent, and mixt with the Air, that islike, ifinot the very fame; with 
that which is fixt in Salt-peter, which: by multitudes! of Experiments that 
may be made with Sa/tpeter,will, Ithink,moft evidently be demonftrated, 

Sixthly, that in this diffolution of bodies by. the Air, a. certain partis 
united and mixt, or diflolv'd and turn'd intothe Air, and made £o fly up 
and'down with it in the fame mannerias:a metallime or.other ee fae 
folv'd into any mexfiruums, does follow the motions. and rogreíles of 
that zefirim till it be precipitated. iul soi & ovlohib Hiv 

Seventhly, That as there is one part that is difloluble by théAir;foare 
there other. parts with which the parts of the: Air mixing,and uniting, 
do make à Coagulum, or precipitation, as onc may.calbitywhieh eaules 
it to be feparated from the Air,’ but! this precipitate is fo light, and-in 
fo {mall and rarify d: or porous cluftérs;thatit is very:volatil; and iseafily 
‘carry d upby the motion ofthe Air;though afterwards,when tbe;héat and 
: agitation 
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and beft pieces of Liguum foffile he had feen; Having (1 fay) taken a 
{mall piece of this Wood, and examin’d it, [found it to burn inthe open 


Air almoft like other Wood, and infteed o ous fmoak or fume, 


it yielded a very bituminous one, fmelling muc of fent: But 


that which I chiefly took notice of, was, that cutting, 

it, about the bignels of my Thumb, and charring, 1t 1n, 

Sand, after the manner {above prefcrib d, [ found it infinitely to abound 
with the fmaller fort of pores, fo extreme thick, and fo regularly perfo- 
rating the fubftance of it long-ways, that breaking it off a-crofs, 1 found 
it to look very like an Honey-comb 5 but as for any of the fecond, or 
bigger kind of pores; {could not find that it had any 5 fo that it feems, 
whatever were the caufe of its production, it was not without thofe 
{mall kind of pores which we have onely hitherto found in Vegetable bo- 
dies : and comparing them with the pores which I have found in the Char- 
coals that I by this means made of feveral other kinds of Wood, I find it 
refemble none fo much as thofe of Firr, to which it is not much unlike in 
grain alfo, and (everal other proprieties. 

* And therefore; what ever is by fome, who have written of it,and parti- 
cularly by Francifco stelluto,who wrote a Treatife in Italian of that Sub- 
je&, which was Printed at Rome, 1637- affirm d that it is a certain kind of ' 
Clay or Earth, which in tract of timeis turn d into Wood, rather fufped 
the quite contrary, that it was at firft certain great Trees of Fir or Pine, 
which by fome Earthquake, or other cafualty, came to be buried under 
the Earth,and was there,after a long time's refidence(according to the fe- 
veral natures of the encompafling ad jacent parts)either rotted and turn d 
into a kind of Clay, or petrify d and turn d into a kind of Stone, or elfe 
had its pores fill'd with certain Mineral juices,which being ftayd in them, 
and in tract of time coagulated, a pear d, upon cleaving out;like fmall 
Metaline Wires, or elfe from fome Hames OF {corching forms that are the 
occafion oftentimes,and ufually accompanyEarthquakes,mi ght be blafted 
and turn’d into Coal, or elfe from certain fubterraneous fires which are 
affirm’d by that Authour to abound much about thofe parts (namely, in 
a Province of Italy, call d Umbria, now the Dutchie of Spoletto, in the 
Territory of 7: odi,anciently call'd Tadorsand between the two Villagesof 
Collefecco and Rofaro not far diftant from the high-way leading to Rome, 
where it is found in greater quantity then elfewhere)are by Rm ofther — 
being encompafied with Earth, and fo kept clofe from the diffolving Air, - 
charrd and converted into Coal. lt would be too long a work to e 
fcribe the feveral kinds of pores which I met withall, and by this means 
difcovered in feveral other Vegetable bodies  norisit my prefent defign 
to expatiate upon Inftances of the fame kind, but rather to givea Spe 
cimen of as many kinds as I have had opportunity as yet of obferving, € 
ferving the profecution and enlarging on particulars till a more fat of 
portunity 5 and in profecution of this defign, 1 fhall here add: 


Obferv. 
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Obferv. XVII. Of Petrify'd wood, andotber Petrify d bodies; 
OQ, this fort of fubftance, I obferv'd feveral pieces of very differing 


kinds, ‘both fortheir outward fhape, colour; grain, texture} hard- 
nefs, &c. fome being brown and redifh; others gray, like a Hone ;others 
black, and Flint-like : fome foft,likea Slate or Whetftone, others as hard 
as a Flint; and as brittle: That which I more particular examin’d,was a 
piece about the bignefs of a mans hand, which feem'd to have beena part 
of fome large tree, that by rottennefs had been broken off from it before 
it began.tobe petrify d. 

And indeed, all that Ihave'yet feen, feem to ave been rotten Wood 
before the petrifaction was begun ; and. not long fince, examining and 
viewing à huge great Oak, that feerh'd with meer age to be rotten as it 
ftood, I was very much confirm d in this opinion ; for I found, that the 
grain, colour, and fhape of the Wood, was exactly like this petrify'd füb- 
ftance 5 and with a ZZicrofcope, I found, that all thofe Microfcopical pores, 
which in fappy or firm and found Wood are fill'd with the natural or in- 
nate juices of thofe Vegetables, in this they were all empty, like thofe 
of Vegetables charr'd 5 but with this difference, that they feem’d much 
larger then I have feen any in Char-coals nay, even then thofe of Coals 
made of great blocks of Timber, which are commonly call'd O/d-coals. 

The reafon of which difference may probably be, that the charring of 
Vegetables, being an operation quickly perform d,and whileft the Wood 
is fappy, the more folid parts may more eafily fhrink together, and con- 
tract the pores or zzterfitia between them, then in the rotten Wood, 
where that natural juice feems onely to be wa(h'd away by adventitious 
or unnatural moifture; and fo though the natural juice be wafted from 
between the firm parts, yet thofe parts are kept afunder by the adventi 
tious moyítüres, and fo by degrees fettled in thofe poftures. 

And this I likewife found in the petrzfy'd Wood, that the pores were 
fomewat bigger then thofe of Charcoal, each pore being neer upon half 
as bigg again, but they did not bear that difproportion which is expreft 
in the tenth Scheme, between the fmall fpecks or pores in the firft Fi- 
gure (which reprefenteth the. pores of Coal or Wood charr'd) and the 
black fpcts of the fecond Figure (which reprefent the like Adicrofcopical 
pores in thepetrifyd Wood) for thefe laft were drawn by a AGcrofcope that 
magnify d the object above fix times more in Diameter then the Z4zcre- 

feope by which thofe pores of Coal were obferv'd. 

Now, though they were a little bigger, yet did they keep the exact 
figure and order of the pores of Coals and of rotten Wood, which laft 
alfo were much of the fame cize. | 

- The other Obfervations on this petrify d fubftance, that a while firice, 
by the appointment of the Royal Society, I made, and prefented to them 
an account of, were thefe that follow, which had the honour done them 
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by the moft accomplifh d Mr. Evelin, my highly honour'd friend, to be 
inferted and publifhed among thofe excellent Obfervations wherewith 
his Sylva is replenifh d, and would therefore have been here omitted,had 
not the Figure of them, as they appear d through the 44écrofeope been 
before that engraven. 

This Petrify d fubftance refembled W ood, in that 

Firft, all the parts of it feem'd not at all diffecated, or alter d from 
their natural Pofition, whil'ft they were Wood, but the whole piece re- 
tain'd the exact fhape of Wood, having many of the confpicuous pores 
of wood ftill remaining pores, and fhewing a manifeft difference vifible 
enough between the grain of the Wood and that of the bark, efpecially 
when any fide of it was cut fmooth and polite 5 for then it appear'd to 
have a very lovely grain, like that of fome curious clofe Wood. 

Next (it refembled Wood) in that all the fmaller and (if I may fo call 
thofe which are onely vifible with a good magnifying Glafs) Aicrofcopi- 
cal pores of it appear (both when the fubftance is cut and polifh'd frazf 
verf/y and parallel to the pores of it) perfectly like the A&cro/copical pores 
of feveral kinds of Wood, efpecially like and equal to thofe of feveral 
forts of rotten Wood which I have fince obferv'd, retaining both the 
fhape,pofition and magnitude of fuch pores. It was differing from Wood: 

Firft, in weight, being to common water as 35 to 1. whereas there are 
few of our Exglifs Woods, that when very dry are found to be fullas 
heavie as water. 

Secondly, in bardzefi, being very neer as hard as a Flint 5 and in fome 
places of it alfo refembling the grain of a Flint: and, like it, it would 
very readily cut Glafs, and would not without difficulty, efpecially in 
fome parts of it, be fcratch'd by a black hard Flint : It would alfo asrea- 
dily ftrike fire againft a Steel, or againít a Flint, asany common Flint. 

Thirdly, in the clofénefof it, for though all the Microfcopical pores of 
this petrify d fubftance were very confpicuous in one pofition ,yet by al- 
tering that pofition of the polifh d furface to the light, it was alío mani 
feft, that thofe pores appear d darker then the walt of the body, onely 
becaufe they were fill'd up with a more dufkie fubftance, adl not be- 

'caufe they were hollow. 

Fourthly, in its izcombufliblenef in that it would not burnin the fires 
nay,thoughI kept it a good while red-hot in the flame ofa Lamp, made 
very intenfé by the blaft of a {mall Pipe, and a large Charcoal, yetit 
(cem'd not at all to have diminifh'd its extenfion 5 but only I found it to 
have chang'd its colour, and to appear of a more dark and dufkie brown 
colour; nor could I perceive that thofe parts which feem'd to have been 
Wood at firft, were any thing wafted, but the parts appear'd as folid and 
clofe as before. It was further obfervable alío,that asit did not confume 
like Wood, fo neither did it crack and flie like a Flint, or fuch like hard 
Stone, nor was it long before it appear'd red-hot. 

Fifthly, in its diffelubleueff ; for putting fome dropsof diftill' d Vinegar 
upon the Stone, 1 found it prefently to yield very many Bubbles, juft like 
thofe which may be obferv d in fpirit:of Zimegar when it corrodes X 

thoug 
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though perhaps many of thofe fmall Bubbles might pro&eed ftom fomé 
fmall parcels of Air which were driven out of the pores of this peirifyd 
fubftance by the infinuating liquid zezfdruum. 

Sixthly, in its rigidnefs and friability, being not at all flexible but 
brittle like a Flint, infomuch that I could with one knock of a Hammet 
break offa piece of it, and with a few more, reduce that into a pretty 
fine powder. 

Seventhly, it fcem'd alfo very differing from Wood to thie’ touch, feel: 
ive more cold then Wood ufually does, and much like other clofe ftones 
and Minerals. 

The Reafons of all which Phenomena feem tà be, 

That this petrify’d Wood having lain in fome place whete it was well 
foak'd with petrifying water (that is, fuch a water as is well impregnated 
with {tony and earthy particles) did by degrees feparate,either by ftrain- 
ing and filtration, or perhaps,by precipitation, cobeftez ot coagulation,abun- 
dance of {tony particles from the permeating water, which ftony par- 
ticles,being by means of the tluid vehrcle convey d,not onely into the 24;- 
erofcopical pores, and fo perfectly ftoping them up, but alfo into the pores 
or interfiitia,which may, perhaps, be even in the texture or Schewzatifine 
of that part of the Wood,which, through the Microfeope,appears moft fo- 
lid, do thereby fo augment the weight of the Wood, as to make it above 
three times heavier then water, and perhaps, fix times as heavie as it was 
when Wood. 

Next, they thereby fo lock up and fetter the parts of the Wood, that 
the fire cannot eafily make them flie away. but the action of the fire upon 
them is onely able to Char thofe parts, as it were, like a piece of Wood, if 
it be clos'd very faft up in Clay,and kept a good while red-hot in the fire, 
will by the heat of the fire be charr'd and not confuin d, which may, per- 
haps, alfo be fomewhat of the caufe, why the petrzfy'd fubftance appear'd 
of a dark brown colour after it had been burnt. 

By this iztrufion of the petrifying particles, this fubftance alfo becomes 
hard and friable; for the ímaller pores of the Wood being perfectly 
wedg d, and ftuft up with thofe {tony particles, the fmal] parts of the 
Wood have no places or pores into which they may flide upon bending; 
and confequently little or no flexion or yielding at all can be caus’d in 


: fuch a fubftance. 


The remaining particles likewife of the Wood among the {tony par 
ticles, may keep them from cracking and flying when put into the fire, 
as they are very apt to doin aFlint. 

Nor is Wood the onely fubftance that thay by this kind of tranfmuta- 
tion be chang d into {tone ; for 1 my felf have feen and examin'd very 
many kinds of fubftances, and among very credible Authours, we may 
meet with Hiftories of fuch Asetamorphofes wrought altaoft on all kind 
of fubftances, both Vegetable and Animal, which Hiftories, it is not my 
bufinefs at prefent, either to relate, or epitomifé, but only to fet down 
fome Obfervation [ lately made on feveral kind of petrify'd Shels, found 
about Keinfbasz, which lies within four or fivemiles of Briffol, which are 
commonly call'd Serpentine-fiones: Exami- 
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Examining feveral- of thefe ver curioully figur'd bodies i 
commonly thought to be Stones form’d id fome tbo 
virtue latent in the Earth it felf ) I took notice of thefe particulars: (s 
Firft, that thefe figured bodies, or ftones, were of very differin fub- 
ftances, as tohardnels: fome of Clay, fome Marle, fome foft Sto Rn 
jer of igs yee : ign foft ftones which Mafons call F p 
others as hard as Portland {tone : 
entail , others as hard as Marble, and fome as 
Next, they were of very differin fubftances as 
colour 5 fome white, fome iho black, fome om ae eer "- 
like Marchafites ; fome tranfparent like white Marble others tk mr jd 
Cryftal,fome gray, fome of divers colours 5 fome radiated lik h d d 
petrify d. drops, which are commonly found at the Peak d aaa 
fubterraneous caverns, which have a kind of pith in the middle we 
Thirdly, that they were very different as to the manner of thei 
ward figuration; for fome of them feem'd to have bee h f bf iic 
d fill'd cx m of fome kind of Shel-fi(h 5 Ee pie. we- 
e fubftance that ha contain’d or enwrapp. à 
rep are porc either of mae pos Ie 
o be left, but for the moft part, thofe impreflions feem' 
made by an imperfect or broken Shell “the gr Repo 
Shell being always wanting, and oftentin is lit iren 
half, and in fome there were impreffi cd ft us Wwe 
broken in the figurating, im FER ee cM d --— 
feem'd to be made by fuch a Shell e t vom qur der e 
that one would verily have tho | eges ve iow ea 
broken or brufed whiltt a gelly, c pai dea i rer s 
in the grain of the ftone, there appear'd not the | aft f cd, ean RR 
-— Or icc but onely on the very utero d p: 
ourthly, they were ver diffe I ef 
having the periit Shell, bani Serapis Fer mie 
on upon its furface, and adhering to T. but rii ht then oro0 
rated from it, and like other common Cockle or rit Ther s ie 
them moft accurately refembled,were very heidi de via " 
others of them,efpecially thofe Serpentine, or H li 1f eee 
Or retained the fhining or Pearl-colour'd f bít n foe Me 
which fubftance, on fome parts of the eerie i ee 
e say e enbbcd off, or ics ed e thin, and might 
tained a white coat, or flaky fübilanes: in di ics pet es n: 
of fuch Shellss fome of them had very lar : is RENE a 
pur fticking on to them, which E calls io bin e 
y degrees: they likewife, fome of them eee il cokich oc fo 
them very pretty kind of futures, fuch as are obf ; pes Ded 
veral kinds of living creatures which futu ee ee 
in the manner of leaves, and every one of nes hes Aes € 
- 2 Adm which I was able to pipe oe oat d rth T 
ye, but more ifti 1 aee 
perfe&ly and diftin&ly with my Microfcope’ at 
thefe 
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thefe futures, by breaking fome of thefe ftones; found to be the lterminz 
or boundings of certain diaphragms,or partitions, which feem'd to divide 
the cavity of the Shell intoa multitude of very proportionate ané! regue 
lar celis or caverns, thele Diaphragms, in many of them, [found very pers 
fe& and compleat, of a very diftin& fubftance from that which fill’d the 
cavities, and exactly of the fame kind with that which covered the out: 
fide, being for the moft part whitifh, or zetber-of-pear! colour d; 
“se for the éavities between thofe Diaphragms, I found fome of them 
fill'd with Marle, and. others with feveral kinds of {tones, others. for the 
füoft part ‘hollow, onely the whole cavity was ufually coveredo over 
With a kind of tartareons petrify d. (übftance, which ftuck about the fides) 
:ind'was there fhot into very curious regular Figures; juft as Tartar, or 
other diffolv'd Salts are -obferv’d to ftick and cryftallitee about the fides of 
the ‘containing Veflels; or like thofe little Dramants which! before ob- 
fevved to have covered the vaulted cavity of a Flint; others had thefe 
eavities all lin’d with a kind of wetal/ine or warchafite-like fubltance, 
Which with a Werofcope 1 could as plainly fee moft curioully and regu- 
larly figured, as I had done thofe in a Flint. 

From all which, and feveral other particulars which I obferv'd, I can- 
not but think, that all thefe, and moft other kinds of {tony bodies which 
are found thus ftrangely figured,do owe their formation and figuration, 
not to any kind of Plaffick wiriue inherent inthe earth, but to the Shells 
of certain Shel-fifhes, which, either by fome Deluge, Inundatioh, Earth- 
quake, or fome füch other means, came to be thrown tà that place; and 
there to be fill'd with fome kind of Mudd or Clay, or perrifying Water, 
or forme Other fübftance, which in tra& of time has been fettled toge- 
ther and hardned in thofe thelly moulds into thofe fhaped fubfrances we 
now find them; that the great and thin end of thefe Shells by that Earth» 
quake, or what ever other extraordinay caufe it wasthat brought them 
thither, wasbrokenoffs and that many others were otherwife broken, 
bruifed and disfigured ; that thefe Shells which are thus fpiralied and fe- 
parated with Diaphragwes,were fome kind of Nautli or Porcelane shells s 
and that others were fhells of Cockles,Adufcles,Periwincles, S colop«;&c. of 
various forts; that thefe Shells in many, from the particular nature of the 
containing or enclos'd Earth, or fome other cauíe, have in tract of time 
rotted and mouldred away, and onely left their impreflions, both on the 
containirig and contained fubftances 5 and fo. left them pretty loofe one 
within another, fo that they may be eafily feparated by a,knock or two 
ofa Hammer; That. others of thefe Shells, “according to-the nature 
of the fubftances adjacent to them, have, by a long continuance in 
that pofture, been petrify’d and turn'd into the nature of ftone, juít as I 
even now obferv’d feveral forts of Wood to be. That oftentimes the Shell 
may be found with one kind of fübftance within, and quite another 
without, having, perhaps, been fill'd in one place, and afterwards traníla- 
ted to another, which 1 have very frequently obferv'd in Cockle; Adufcle, 
Periwincle, and other hells, which I have found by the Sea fide; Nay, 


further, that fome parts of the fame Shell may be fill'd in one phos and 
ome 
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fome other cavernsin another, and others ina third,ora fourth, ora fifth 
place, for fo many differing fubftances have I found in one of thefepe- — - 
trifyd Shells,and. perhaps all thefe differing from the encompafling earth 
or ftone; the means how all which varietiesmay be caus dy I think, will 
not be difficult to conceive, to any one that has taken notice of thofe 
Shelis; which are commonly found on the Sea fhore : And he that fhall 
throughly examine feveral kinds of fuch curioufly form d ftones,will (I 
am very apt tothink) find reafon to fuppofe their generation or forma- 
tion to be afcribable to fome fuch accidents as I have mention d, and 
not tolany Plaftick virtue: For it feems to me quite contrary to the ine 
finite prudence of Nature, which is obfervable in all its works and proe 
duétions, to defign every thing to a determinate end, and forthe attain- 
ing of that end, makes ule of fuch ways asare (as farr as the knowledge 
of man has yet been able to rach altogether coníonant, and moft 
agreeable to man's reafon, and of no way or means that does contraditt, 
or iscontrary to humane Ratiocination 5 wherice it hasa long time been 
a general obfervation and maxime, that Nature does nothing in vains Wt 
fcems, I fay, contrary to that great Wifdom of Nature, that thefe prettily 
fhap'd bodies fhould have all thofe curious Figures and contrivances 
(which many of them are adorn'd and contrivd with) generated or 
wrought by a Plaftick virtue, for no higher end ‘then onely to exhibite 
fuch a forms which he that fhall throughly confider all the circumftances 
of fuch kind of Figur'd bodies, will, I think, have great reafon to be- 
lieve, though, I confefs, one cannot prefently be able to find out what 
Nature’sdefigns are. It were therefore very defirable, that a good col- 
lection of fuch: kind of figur'd ftones were collected 5 and as many pat: 
ticulars, circumftances, and informations collected with them as couldbe . 
obtained, that from fuch a Hiftory of Obfervations well rang d, ex: 
amin'd and digefted, the true original or production of all thole kinds 
of ftones might be perfectly and furely knowns fuch as are Thwzder- 
tones, Lapides Stellares, Lapides Judaici,and multitudes of other, where- 
of mention is made: in Aldrovandws Wormiws, and other Writers of 
Minerals. 


E 
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Obferv. XVIII. Of the Schematifme or Texture of Cork, ond a 
of the Cells and Pores of fome other fuch frothy Bodies. 31 


|| Took a good clear piece of Cork, and with a Pen-knife fharpend a$. 
& keenas a Razor, I cut a piece of it off, and thereby left thefurface qtii 
it exceeding fmooth, then examining it very diligently with a AGere- 
féope; me thought I could perceive it to appear a little porous; but I. — 
could not fo plainly diftinguifh them, as to be fure that they were pore: b 
much lefs what Figure they were of : But judging from the lightnefs E 1 
yielding quality of the Cork, that certainly the texture could not beío - 
curious, - 
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curious, but that poffibly, if I could afe-fome further: dili 
find, it tobe difcernable with a AMicrofcape, Y with the fame fharp Pens 
knife, cut off fróm the former {tooth  furface an exceeding thin piece of 
it, and placing it on: a black object Plates becauleinwasit (elf a white 
body, and cafting the lighten it with a deep. pland-convex Glafi, X could 
exceeding plainly perdeive it to be all perforated aid: porous;much: like 
a Honey-comb,but that: thé pores of it were not regular 3 yet it. washot 
unlike a Honeycomb in thefe particulats; Indo 

Firft, in that it had-a very little folid fubftance,'in comparifon.of the 
empty cavity that was ¢ontain’d between, as does: more manifefily appear 
by theFigure'-A and B-of the X I. Schere, for the Interftitiay ot walls 
(as I may fo call them) or partitions of thofe pores wete neer as-thin.in 
Proportion: to their pores, as. thofe thin. filnis of Wax ina Honey-comb 
(which enclofeand.conftitate the fexangular cells) are to theirs, 

Next, in that thefe pores; or cells, were nor very-deep, but confifted 
of a great many little Bokes, feparated out of one continued long pore, 
by certain Diaphragms, ds is vilible by the Figure B; which reprefents a 
light of thofe pores fplit the-long-ways; 

I no foóner ditcern'd thefe (which were indeed the firlt zicrofcopical, 
pores I ever faw, and pérhaps;that were ever feen, forT had not met with 
any Writer or Perfon, that had made any mention of them before this) 
but me thought I had. with the difcovery of them; prefently hinted to me 
the true and. intelligible.reafon of all the Phenomena of Cork ; As, 

Firft; if Tenquir’d why. it was fo exceeding light a body? my Agicros 
Jeope could prefently inform me that here was the fame reafon evident that 
there is found for the lightnefs of froth, an empty Honey-comb, Wool, 
a Spunge, a Pumice-ftone, or the likes namely, a very fmall quantity of a 
folid body, extended into exceeding large dimenfions, T 
+ Next, it feem'd nothing more difficult to give an intelligible reafon, 
why Cork isa body fo very unapt to fück and drink in Water, and éon- 
Ícquently preferves it felf, floating on the top of Water, though left on it 
never fo long > and why itis able to ftop and hold air ina Bottle,though 
it be there very much condens’d and confequently preflés very ftrongly 
to get a paflàge out, without fuflering the leaft bubble to pafs through 
its fubftance. For, asto the firft, fince our Microfcope informs us thatthe 
fubftance of Cork is altogether fill’d with Air, and that that Air is per- 
fectly enclofed in little-Boxes or Cells diftin& from one another, t feems 
very plain, why neither the Water, nor any other Air can eafily infinu- 
ate it felf into them, fince there is alread y within them an intys exiftens, 
and confequently, why the pieces of Cork become ío good floats for 
Nets, and {topples for Viols, ot other clofe Veflels. T 

And thirdly, if we enquire why Cork has fücha Ípringinefs and fwel- 
ling nature whem compreisd? and how it comes to fuffer fo greatacom- 
preffion; or feeming penetration of ditmenfions, fo as to be made a fub- 
ftance asheavie again and morc, bulk for bulk, asit was before compref- 
fion, and yet fuffer'd to’ return, is found to extend. it felf again into the 
fame fpace? Our Microfcope will eafily inform us, that the whole mafs 

R confifts 


gence; I ftileht 


MrcroGRAPHIA. 


confifts of an infinite company of {mall Boxes or Bladders of Air, which 
isa fabftance of a fpringy natures and that will fuffer a confiderable con- 
denfation (as I have (everal times found by divers trials, by which I have 
moft evidently condens d it into lefs thena twentieth part of its ufual di- 
menfions neer the Earth, and that with no other ftrength then that of my 
hands without any kind of forcing Engine,fuch as Racks,Leavers, Wheels, 
Pullies, or the like, but this onely by and by) and befides, 1t feems very 
probable that thofe very films or fides of the pores,have in them a fpring- 
ing quality, as almoft all other kind of Vegetable fubftances have, fo as 
to help toreftore themfelves to their former pofition. 

And could we fo eafily and certainly diícover the Schemati[me and 
Texture even of thefe films,and of (everalother bodies,as we can thefe of 
Cork’; there feems no probable reafon to the contrary, but that we might 
as readily render the true reafon of all their Phenomena 55 namely what 
werethecaufe of the fpringinefs, and toughnefs of fome, both as to their 
flexibility and reftitution. What, of the friability or brittlenefs of fome 
others, and the likes but till fuch time as our Microfcope, Ot fome other 
means,enable us to difcover the true Schematifm and Texture of all kinds 
of bodies, we muft grope, as it were, in the dark, and onely ghefs at the 
true reafons of things by &militudes and comparifons. 

But, Obfervation. 1 told. feveral lines of, thefe 

ere ufually about threeícore of thefe fmall 
teenth part of an Inch in length, whence 
eleven hundred of them, or fomewhat 
h, and therefore in a Íquare 
Cubick Inch,above twelve 
ible, did not our 
—. Microfeope aflur 15 did it not di 
verto us the po i j 
Cork, would afford 
little Cells, as is evident in feve 
curious are the wor 
bodies, which feem to 
autritius, or natural juices of Veget 
refpond to the veins, arteries and ot 
thefe pores I fay, which feem to 
body in the World, are yet fo ex 
curis fancy'd would go neer to pro 
fluid body in them.A 
the 
difcovered to grow on 
fully defcribe, whofe b 
the fmall fhrub it grows on 5 
lef in bulk then feveral trees (that have hereto 
and are this day flourifhing in other hotter Climates, 
diblyinform'd) if at leaft the pores of this fmall Vegetable fhould keep 
any fuch proportion to the body of it, as we have found thefe — 
o 
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o f other Vegetables to do to their bulk. But of thefe pores f hàvefaid 
more elfewhere. ! 

To proceed then, Cork feems to be 'by the trafifverfe conftitution of 

the pores, a kind of FuzgseiorMufhrome, for the pores lie like fo many 

Rays tending from the center, or pith of the tree; outwards; fà that if 

you cut off a piece from a board of Cork tranfver(ly, to the;flat of itj 

you will, asit were, fplit the pores, and they will appear juít as they are 

exprefsd in the Figure B of the XI. Scheme. But if you fhavé off. a 

very thin piece from this board, patallelto the plain of it, you will;cut, 

all the pores traníveríly, and they will appear almoft asthey are exprefs'd, 

inthe Figure A, fave onely the folid Interftitia will not appear fo thick 

as they are there reprefented, wi . 

So that Cork feems to fuck its nourifhment from the fubjacent-bark of 

the Tree immediateiy, and to be a kind of excrefcence, or a fübftance 

: diftiuct from the fubftances of the entire Tree, fomething analogus to 

! the Mufhrome, or Mofs on other Trees, or to the hairs on Animals, And 


| having enquird into the Hiftory of Cork, 1 find. it reckoned as-ah 
excrefeency of the bark of a certain Tree, whichis diftinct fromthe two 


barks that lie within it, which are common alío.to other trees; That ‘tis 
fome time before the Cork that covers the young and tender fprouts 
comes to be diícernable; That it cracks,tlaws,and cleaves into.many great 


: chaps, the bark underneath remaining entire That it thay be feparated 
H and remov d from the Tree, and yet the two under-barks (füch as ate 
) alfo common to that with other Trees) not at all injur d, but rather 
N helped and freed from an external injury. Thus Jozfloza; in. Dewdrologia; 
Y {peaking de Subere, fays, Arbor eff procera, Lignum eft robuftum, dempto 
LU 


cortice in aquis non fluitat, Cortice in orbem detratfo juvatur, erafcefcens 
E enim prafiriugit & ftrangulat, intra triennium iterum repletur + Caudex ubà 
" . 4dolefcit erafjus, cortex fuperior denfus carnofus duos digitos cra[fus, fGaber; 
I rimofus, €i qui nifi detrahatur debifcit, alioque fubnafcente expellitur, inte 
| rior qui fubeft novellus ita rubet ut arbor minio pita uideatur... Which 
if Hiftories,if well confider'd, and the tree, fubftance, and manner of grow- 
ing, if well examin'd, would, [am very apt to believe,much confirm this 
my conjecture about the origination of Cork. ( : 

Nor is this kind of Texture peculiar to Cork onely ; for upon exami- 
nation with my Aficrofeope, I have found that the pith of an Elder, oral- 
moft any other Tree, the inner pulp or pith ofthe Cany hollow ftalksóf 
feveral other Vegetables: as of Fennel, Carrets, Daucus, Bur-dacks, 
Teafels, Fearn, fome kinds of Reeds, ec. have much füch 2 Kind of 
Schematifite, as Y have lately (hewn that of Cork, fave onely:that here 
the pores are rang d the long-ways, or the fame ways with the length of 
the Cane,whereas in Cork they are tranfverfe. ; 

The pith alfo that fills that part of the ftalk of a Feather that is above 
the Quil; has much füch a kind of texture, fave onely that which way fo- 
ever | fet this light fübítance, the pores .feem d to be cut trahfverfly 5 fo 
that I ghefs this pith which fills the Feather, not to confift of abundance 


of long pores feparated with Diaphragms, as Cork does, but to bea -— 
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of folid or hardned froth,or a cezgeries of very {mall bubbles confolidated 


in that form,into a pretty ftiffas well as tough concrete,and that each Ca- 
vern; Bubble, or Cell, is diftinétly feparate from any of the reft, without 
any kind of hole in the encompafiing films; fo that I could no more blow 
through a piece of this kinde of fubftance,then I could through a piece of 


Cork, or the found pith of an Elder. : 

But though I could. not with myAMicrofcope, nor with my breath, nor 
any other way I have yet try'd, difcover a paflage out of one of thofe 
cavities into another, yet I cannot thence conclude, that therefore there 
are none fuch, by which the Sucews wutritins.or appropriate juices of Ve- 
getables, may pafs through them; for, in feveral of thofe Vegetables, 
whil'ft green, I have with my Microfcope, plainly enough difcover d thefe 
Cells or Poles fill’d with juices, and by degrees fweating them out: as1 
have alío obferved in green Wood all thofe long Microfcopical pores 
which appear in Charcoal perfectly empty of any thing but Air. 

Now, though I have with great diligence endeavoured to find whe- 

ther there be any fuch thing in thofe Microfcopical pores of Wood or 
Piths, as the Valves in the heart,veins,and other paflages of Animals,that 
open ‘and give paflage to the contain d fluid juices one way, and fhut 
themfelves,and impede the paflage of fuch liquors back again,yet havel 
not hitherto been able-to fay any thing pofitive in it; though,me thinks, 
it ems very probable,that Nature has in thefe paflages,as well asin thofe 
of Animal bodies,very many appropriated Inftruments and contrivances, 
whereby to bring her defigns and' end to país; which ‘tis not improbable, 
but that fome diligent Obferver; if help with better Microfcopes, may 
in time detec. 
_ And that this may be fo, feems with great probability to be argued 
from the Ttrange Phenomena of fenfitive Plants, wherein Nature feems 
to perform feveral Animal actions with the fame Schematifm or Orginita- 
tiow that is common to all Vegetables, as may appear by fome no lefs 
inftru&tive then curious Obfervations that were made by divers Emi- 
nent Members of the Royal Society on fome of thefe kind of Plants,where- 
of An account was delivered in to them by the moft Ingenious and Excel- 
lent Phyfician, Do&or Clark, which, having that liberty granted me by 
that moft Illuftrious Society, I have hereunto adjoyn d. 


Übfervatións on the Humble and Senfible Plants in M^ Chiffin's 
Garden in Saint James’s Park, made Auguft the 9 1661. 
Prefent, the Lord Brouncker, Sr. Robert Moray, Dr. Wilkins, 
Mr. Evelin, Dr. Henfhaw, and Dr. Clark, 


-5 There are four Plants, two of which are little fhrub Plants, 
with.a little {hort ftock, about an Inch above the ground, from 
whence ate fpread feveral fticky branches, round, ftreight, and 
io rd | - fmooth, 
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fmooth in the diftances between the Sprouts, but juft under the 
Sprouts there are two fharp thorny prickles, ‘broad in the lec- 
ting on, as in the Bramble, one juft under the Sprout, the other 
on the oppofite fide of the branch. 

The diftances betwixt the Sprouts are ufually fomething . s 


length, and they grew fo, that if the lower Sprout be on theleft 
fide of the Branch, the next above is on the right, and foto the 
end, not fprouting by pairs. 

At theend of each Sprout are generally four fprigs, two at 
the Extremity, and one on each fide, juft under it. At the firft 
fprouting of thefe ftom the Branch tó the Sprig where the leaves 
grow, they are full of little fhort white hairs, which wear off as 
the leaves grow, and then they aré fmooth as the Branch, 

Upon each of thefe fprigs, are, for the moft part, eleven pair 
of leaves, neatly fet into the uppermoft part of the little fprig, 
exactly one againft another, as it were in little articulations, füch 
as Anatomi(ts call Ezartbrofis, where thé round head of a Bone 
is received into another fitted for its motion:; and ftanding very 


fitly to fhut themfelves and touch, tlie pairs juft above chem — 


clofing fomewhat upon them, as in the fhut fprig ;: fo is the 
little round Pedunculus of this leaf fitted into a little cavity:of 
the fprig; vifible to the eye in a fprig new plück'd, or ina fprig 
withered on the Branch; from which the leaves eafily fall by 
touching. 

The leaf being almofta an oblong fquare, and fer into the Pes 


‘dunculus, at one of the lower cortiers, recéiveth from that not 


onely.a Spine, as I may-eall it, which, pafling through the: leaf, 
divides it fo length-ways that the outer-fide is broader then the 
inner next the {prig, but little fijres pafling obliquely towards 


‘the oppofice' broader fide; feem tomake it here a little müfcular, 
atid fitted to-move the whole leaf, which, together with the 
whole fprig, are fet full with little fhort whitifh hairs. 


One 


hem ifi 


more then an Inch, and many upon a Branch; according to its rig 
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One of thefe Plants, whofe branch feem’d to be older and 
more grown then the other, onely the tender Sprouts of it, after 
the leaves are fhut, fall and hang down ; of the other, the whole — - 
branches fall to the ground, if the Sun fhine very warm,upen the 
firft taking off the Glafs, which I therefore call the bumble Plant. 

The other two, which do never fall, nor do any of their 
branches flagg and hang down, fhut not their leaves, but upon 
Comewhat a hard. ftroke ; the ftalks feem to grow up from a root, 
and appear more herbaceous, they are round and fmooth, without 
any prickle, the Sprouts from them have feveral pairs of fprigs, 
with much lefs leaves then the other on them, and have on 
each fprig generally feventeen pair. 

Upon touching any of the fprigs with leaves on, all the leaves 
on that fprig contracting themfelves by pairs, joyned their up- — 
per fuperficies clofe together. 

Upon the dropping a drop of Agua fortis on the fprig be- 
twixt the leaves, f f all the leaves above fhut prefently, thofe 
below by pairs fucceflively after, and by the lower leaves of the 
other branches, JJ, Kk, &c. and fo every pair fucceflively, 
with fome little diftance of time betwixt,to the top of each fprig, 
and fo they continu'd fhut all the time we were there. But Lre- 
turning the next day, and feveral days fince,found all the leaves 
dilated again on two of the fprigs ; but from f f, where the Aqua 
fortis had dropped upwards, dead and withered); but thofe be- 
low on the fame fprig, green, and clofing upon the touch, and 
are fo at this day, Auguft 14. | 

With a pair of Sciflers, as fuddenly as it could: be done;ohe 
of the leaves -b'4 was clipped off in the middle,upon which that 
pair, and the pair above, clofed prefently, after a little interval, 
d d, then ee, and fo the reft of the pairs, to the bottom of the 
fprig, and then the motion began in the lower pairs, 1, on-the 
other fprigs, and fo fhut them by; pairs upwards, thougli net 
with fuch diftin& diftances.. ) 4) . gel a 
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"Under'a pretty large branch with its fprigs on, there lying’ 
a large Shell betwixt two and three Inches below it; there was 
rübbed' on a ftrong fented oyl, after a littléirane all thedeaves on 
that fprig were (hut, and fo: they continued all the tira of our: 
ftay there;but ar my recurne the next day; d found thegofition 
of the Shell alter'd;^ and the leaves — ag — "and 
clofing upon the touch, > 013i do 

Upon the application of cheSun-beams bpa bens sta 
the more Purble Plant fell, the other (buc their leaves} 

We could nor fo apply the fmoak of Sulpher, ‘as to'have in 
vifible effe&t from that, attwo or three times trials büt ón ano-- 
ther trial,the fmoak rouching the leaves;it fisicouded | : 

The humble Plant tell e — off Bu: Bale Wwhovew ich ic it 
was covered. : Dru; DIMTIO! 

Cutting off one of the little Shinty twoor es drops of hz 
quor were thruft out of the part from wherieg that was icut,very 
cleer, and pellucid, of'a bright greenifh colour; taftingaà arfirfbd 
litcle bitterifh, bur after leaving a licori(h-like cafte in my ióüth? 

Since,going two or three times when it/vas eold, T'taok the 
Glaffes from che more Lumble-Plantand it: did noc fallas formers 
ly, but fhut its leavesonely. But coming afterwards, whien the 
Sun fhone very warm, as foon:as: it was ‘talien off, “it fellas 
before; 

Since I plucled off anocher fprig, whofe leaves were all thut; 
and had been fo fome time, thinking to obferve the liquor 
fhould come from that I had broken dsfh; ‘but’ finding “nore; 
though with prefling,to come, T, as dexeenoully ds I could, pull’d 
off one whofe leaves were expanded, and thenhad-upon'the fhut- 
ting of the leaves, à little of the mention’d liquor, from the end 
of the fprig 1 had broken from the Plant.’ And this twice fuc- 

ceffively, as often almoft as I durft rob the Plant. 

But my curiofity carrying me yet further, I cut off one of 
the harder branches of the ftronger Plant, and there came of the 

liquor, 
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liquor,both from. that I had cut, and that: 1 had..cut-it from, 
without, preflure. dà sqteli 

«5 Mibieh-made me-think, thát- the motion of this Plantupom 
touching;might be from this, that there being; a-conftant /pters; 
courfé betwixt every part of this Plant and its root,either-bya cir) 
culation of this liquor,ora conftant preffing; ofthe fubtilé£ parts, 
of it to every extremity of the Plant. Upon;every preffurejfrom 
whatfoeyér it proceeds, greater then that. which keeps it wp, the 
fubtile parts. of this liquor are thruft downwards, towards its are 
ticulatiops of the leaves; where; not having room prefently to’get 
into.the fprig,the little round pedunculus, from whence the. Spine 
and thofe oblique Fibres 1 meéntion’d rife, being dilated, the 
Spine and Fibres (being continued from it), .muft be contracted 
and fhortned, and fo draw the leaf upwards to joyn with its fel- 
low.in-the'fame condition with it felf, where, being clofed, they 
are held.together by the implications of the little whitifh hair, as 
well as by the ftill. retreating liquor, which diftending the Fibres 
that are continued lower to the branch and root, fhorten them 
above ; and when the liquor is fo much forced, from the Sprout, 
whofe Fibres are yet tender, and not ableto fupport themfelves, 
but by that tenínefs which the liquor filling their interflices gives 
them, the Sprout hangs and flags. nud 

But, perhaps, he that had the ability and leifure to give you 
the exact Anatomy. of this pretty Plant, to fhew you its-Fires, 
and yifible Canales, through which this fine liquor circulateth, 
or is moved, and. had the faculty of better and more-copioully 
expreffing his Obfervations and conceptions, fuch a one would 
eafily from the motion of this liquor, folve all the Phenomena, 
and would not fear to affirm, that it is no obfcure fenfation this 
Plant hath, But 1 have faid too much, I humbly fübmit, and am 
ready to ftand correded. (39 
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Thave not yet made fo full and fatisfa&ory Obfervations as I.defire on 
this Plant, which feems to be a Subje& that will afford abundance of 


information. 
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information. But asfarras I have had opportunity to examine it,k have 
difcovered with my A4icrofcope very curious ftru&tures and contrivances 5 


but defigning much more accurate examinations and trials,both with my: 


Aiscrofcope, and otherwife, as (oon as the feafon will permit, I (hal! not till 
then add any thing of what Ihave already taken notice of; but as farr as 
Ihave yet obferv d.t judge the motion of it to proceed from caufes very 
differing from thofe by which Gut-ftrings,or Lute-ftrings,the beard of a 
wilde Oat, or the beard of the Seeds of Geraninm, Mofcatum, or Musk- 
graff and other of kinds of Cranes-bill,move themfelves. Of which I hall 
add more in the fubfequent Obfervations on thofe bodies, 


Obferv. XIX. Of Plant growing in the blighted or yellow ffecks 
of Damask-rofe-leaves, Bramble-leaves, and ome other kind 


of leaves. 


] Have for feveral years together, in the Moneths of june, july, Augnft, 

and September (when any ofthe green leaves of Rofes begin to dry and 
grow yellow) obferv'd many of them, efpecially the leaves of the old 
thrubs of Damask-Rofés, all befpecked with yellow ftains, and the under- 
fides juft againft them, to have little yellow hillocks of a gummous fub- 
ftance, and feveral of them to have {mall black {pots in the mid{t of thofe 
yellow ones, which, to the naked eye, appear'd no bigger then the point 
of a Pin, or the fmalleft black fpot or tittle of Ink one is able to make 
with a very fharp pointed Pen. 

Examining thefe with a Adicrofcope, I was able plainly to diftinguiih;up 
and down the furface, feveral fmall yellow knobs, ofa kind of yellowith 
red gummy fubftance, out of which I perceiv'd there fprung multitudes 
of little cafes or black bodies like Seed-cods, and thofe of them that 
were quite without the hillock of Gumm, difclosd themfelves to grow 
out of it with a fmall Straw-colour'd and tranfparent ftem, the which 
feed and ftem. appear'd very like thofe of common Mofs (which I elfe- 
where defcribe) but that they were abundantly les, many hundreds of 
them being not able to equalize one fingle feed Cod of Mois. 

Ihave often doubted whether they were the feed Cods of fome little 
Plant, or fome kind of {mall Buds, or the Eggs of fome very {mall Infect; 
they appear'd of a dark brownith red, fome almoft quite black, and of a 
Figure much refembling the feed-cod of Mofs, but their {talks on which 
they grew were of a very fine tranfparent fubftance, almoft like the ftalk 
of mould, but that they feem'd fomewhat more yellow. 

_ That which makes me to fuppofe them to be Vegetables, is for that E 
perceiv'd many of thofe hillocks bare or deftitute, as if thofe bodies lay 
yet conceal d;as G. In others of them,they were juft fpringing out of their 
gummy hillocks, which all feem’d to fhoot directly outwards, as. at A. In 


others, asat: B, I found them juft gotten out,with very little or no are 
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and the Cods of an indifferent cizesbut in others;as C, [ found thembegin 
to have little fhort ftalks, or ftems5 in others, as D, thofe ftems were 

rownbigger, and larger; and in others, as at E, F, H, I, K,L, c; thofe 
robe end Cods were grown a great deal bigger, and the ftalks were 
more bulky about the root, and very much taper'd towards the top, as 
at F'and Lois moft vifible. 

I did not find that any of them had any feed in them, or that any of 
them were hollow, but as they grew bigger and bigger, I found thofe 
heads or Cods begin to turn their tops towards their roots, inthe fame 
manner as I had obferv'd that of Mofs to do; fo that in all likelihood, 
Nature did intend in that pofture, what (he does in the like feed-cods of 
greater bulk, that is, that thefeed, when ripe, fhould be fhaken out and 
difperfed at the end of it, as we find in Columbine Cods, and the like. 

The. Whole, Qval OOOO in the fecond Figure of the 12. Scheme 
repreents a {mall part of a Rofe leaf, about the bignefs of the little Oval 


 inthe hilldck, C, marked with the Figure X. in which I have not par- 


ticulzrly obferv'd all the other forms of the furface of the Rofe-leaf, as 
being little to my prefent purpofe. 

Naw, if thefe Cods have a feed in them fo proportion d to the Cod, as 
thofe of Pinks, and Carnations, and Columbines, and the like, how unima- 
ginally. fmall mutt each of thofe feeds neceffarily be, for the whole 
length of one of the largeft of thofe Cods was. not 325 part of anInch; 
(ome not.above ;2::, and therefore certainly, very many thoufand of 
them would. be unable to make a bulk that fhould be vifible to the naked 
eye and, if each of thefe contain the Rudiments of a young Plant ofthe 
famekind, what muft we fay of the pores and conftituent parts ofthat ? 

The generation of this Plant feems in part,afcribable to a kind of Mil 
dew or Blight,whereby the parts of the leaves grow fcabby, or putrify d, 
as it were, fo as that the moifture breaks out in little {eabs or fpots, which, 
as 1 laid before, look like little knobs of a red gummous fubftance. 

From this putrify id fcabb breaks out this little Vegetable 5 which may 
be fomewhat like a 24euld or Adoff; and may have its equivocal geneta- 
tionmuch after the fame manner. as I have fuppofed 40/7 or Mouldto 
have, iand to be a more fimple and uncompounded kind of vegetation, 
which is fet a moving: by the putrifactive and fermentative heat, joynd. 
witt that of the ambient aerial, when (by the putrifaCtion and decay o 
fome other parts ofthe vegetable, that fora while ftaid its progress) itis 
unfater'd. and left at liberty to move in its’ former courfe, but y reafon 
of its regulators; moves and. atts after quite another manner then it di 
when. a..egagezt in the. more compounded machine of the, more perfect 
Vegetable, 3 

And from this very.(ame Principle, I imagine the AGfleto of Oaks, 
Thorns, Appletrees, and other. Trees, to have its original: It feldom or 

er growing ofi any of thofe Trees,til] they begin to wax decrepid,an 
ecay, with age, and are pefter d with many other infirmities. | 
gl Hither alío may be referr d thofemultitudes and varieties of AMubroms, 
fueaas.that.call d. jew ears, all forts of gray. and: green Mofes, &c. viis 
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infeft all kind of Trees,fhrubs,and-the like,efpecially when they come to 
any bignef. And this we fee to be very much the method of Nature 
throughout its operations, putrifacive Vegetables very often prodicinga 
Vegetable ofa much lefs compounded nature, and of a much inferiour 
tribe 5 and putrefactive animal fubftances degenerating into fome kind of 
animal production of a much inferiour rank,and of a more fimple aature. 

Thus we find the humours and fubftances of the body,upon putrifudti- 
on,to produce ftrange kinds of moving Vermine: the putrifadionof the 
{limes and juices of the Stomack and Guts, produce Worms almaft like 
Earth-worms,the Wheals in childrens hands produce a little Wormeall'd 
aWheal-worm: Thebloud and milk, and other humours, produce other 
kinds of Worms, at leaft, if we may believe what is deliver'd tousb 
very famous Authors; though, I confefs, I have not yet been ableto dií- 
cover fuch my felf. 

And whereasit may feem ftrange that Vinegar, Afeal, mufty Casks , &c, 
are obferv'd to breed their differing kinds of Infects, or living crectures, 
whereas they being Vegetable fubftances, feem to bz of an inferiour kind, 
and fo unable to produce a creature more noble, or of a more coms 
pounded nature then they themfelves are of, and fo without fom: con- 
current feminal principle, may be thought utterly unfit for füch ar ope- 
ration ; I muft add, that we cannot prefently pofitively fay, there are 
no animal fubftances, either mediately, as by the foil or fatning of the 
Plant from whence they {prung,or more immediately,by thereal mixture 
or compofition of fuch fubftances, join d with them 5 or perchance fome 
Kind of Infect, in füch places where fuch kind of patrifying or ferment- 
ing bodies are, may, by a certain inftinct of nature, eject fome fort of fe- 
minal principle, which cooperating with various kinds of putrifyinz fub- 
ftances, may produce various kinds of Infe&s,or Animate bodies : For we 
find in moft forts of thofe lower degrees of Animate bodies, that the 
putrifying fub{tances on which thefe Eggs, Seeds, or feminal principles 
are caít by the Infect, become, as it were, the ZZatrices or Womb, that 
conduce very much to their generation, and may perchance alfo to their 
variation and alteration, rhuch after the (ame manner. as, by flrange and 
unnatural copulations, feveral new kinds of Animals are produc 1, as 
Mules, and the like, which are ufually call d. Monftrous, becaufe a little 
unufual, though many of them have all their principal parts as perfectly 
fhapdand adapted for their peculiar ufes, as any of the moft perfect 
Animals, If therefore the putrifying body,on which any kind of feminal 
or vital principle chances to be caít, become fomewhat more then neer- 
ly a nurfing and foftering helper in the generation and production of 
any kind of Animate body, the more neer it approaches the true nature 
of a Womb, the more power will it have onthe by-blow it inclofes, But 
of this fomewhat more in the defcription of the Water-guat.. | Peihaps 
fome more accurate Enquiries and Obfervations about thefe matters 
might bring the Queftion to fome certainty, which would be of no ‘mall 
concern in Natural Philofophy. F6 c 

But that patrifying animal fub{tances may prodnag animals ofan Ee 
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a difficulty, butthat one may, without 


mich abfurdity,admit: For as there may be multitudes of contrivances 
that go to the making up of one compleat Animate body 5 fo, That fome 
of thofe coadjutors,in the perfect exiftence and life of it, may be vitiated, 
and the life of the whole deftroyed, and yet feveral of the conftituting 
contrivances remain intire,I cannot think it beyond imagination or poffibi- 
lity; no more then that a like accidental procefs,as I have elfwhere hinted, 
may alfo be fuppofed to explicate the method of Nature in the A/etamor- 
hofis of Plants. And though the difference between a Plant and an Ani- 
[have not hitherto met with any fo cogent an Ar 


gument, as to make me pofitive in affirming thefe two to be altogether 


Heterogeneous and of quite differing kinds of Nature: And befides,as there 


are many Zoophyts, and fenfitive Plants(divers of which I have feen,which 
are ofa middle nature,and feem to be Natures tranfition from one degree 
toanother, which ma be obferv’d inall her other paflages, wherein fhe 
is very feldom obferv d to leap 
fotne Authors, Inftances of Plants turning in 
Plants, and the likes and fome other very ftrange (becaufe unheeded) 
roceedings of Nature; fomething of which kind may be met with, in 


P 
the defcription of the Water-Gnat, though it be not altogether fo dirett 


to the prefent purpofe. 
But to refer this Difcourfe of Animals to their proper places, T fhall 


add, that though one fhould fappofe, or it fhould be prov'd by Obferva- 
tions, that feveral of thefe kinds of Plants are accidentally produc bya 
cafual putrifation, [fee not any great reafon to queftion, but that, not 
withftanding its own production was as 'twere cafual, yet it may germi- 
nate and produce feed, and by it propagate its own, that is,a new Species 
For we do not know, but that the Omnipotent and All-wife Creator 
might as directly defign the ftru&ure of fuch a Vegetable, or fuch an 
Animal to be producd out of fach or fach a patrifattion or change of 
this or that body, towards the conftitution or ftru&ure of which, he 
knew it neceflary, or thought it fit to make it an ingredient ; as that the 
digeftion or moderate heating of an Egg, either by the Female, of the 
Sun, or the heat of the Fire, or the like, fhould produce this or that Birds 
or that Putrifactive and warm fteams fhould,out of the blowings;as they 
call them, that is, the Eggs of a Flie,produce a living Magot, and that,by 
degrees, beturnd into an Aurelia,and that, by a longer and a proper 
tion d heat, be tranfmuted into a Fly. Nor need we therefore to füppo 
it the more imperfect inits kind, then the more compounded Vegeta 
or Animal of which it is a parts for he might as compleatly furnifh it 
with all kinds of contrivances neceffary for its own exiftence, and the 
propagation of itsown Species, and yet make it a part of a more com 
pounded body: as a Clock-maker might make a Set of Chimes to bea 
part ofa Clock, and yet, when the watch part orftriking part are | 
dway, and the hindrances of its motion removd, this chiming patt 
may go as accurately, and {trike its tune as exactly, as if it were ila 
partof the compounded Amematon, So, though the original p 2 
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kind, I fee not any fo very great 
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feminal principle from which this minute Plant on Rofe leaves did fpring; 
were, before the corruption causd by the Mill-dew, a component part 
of the leaf on whichit grew, and did ferve as a coagent in the producti- 
on and conftitution of it, yet might it befo confummate, as to producea 
feed which might have a power of propagating the fame {pecies:the works 
of the Creator feeming of fuch an excellency,that though they are unable 
to help to the perfecting of the more compounded exiftence of the greater 
Plant or Animal,they may have notwithftanding an ability ofa&ing fingly 
upon their own internal principle, fo as to produce a Vegetable body, 
though of a lefs compounded nature, and to proceed fo farr in the me. 
thod of other Vegetables, as to bear flowers and feeds, which may beca- 
pabale of propagating the like. So that the little cafes which appear tà 
grow on the top of the flender ftalks, may, for ought Iknosw, though I 
fhould fuppofe them to {pring from the perverting ofthe ufüal courfe of 
the parent Vegetable, contain a feed, which, being fcatter'd on other 
leaves of the fame Plant, may producea Plant of much the fame kind. 

Nor are Damafk-Rofe leaves the onely leaves that produce thefe 
kinds of Vegetable fproutingss for I have obferv'd themalío in feveral 
other kinds of Rofe leaves, and on the leaves of feveral forts of Briers; 
and on Bramble leaves they are oftentimes to be found in very great 
clufters; fo that I have found in one clufter,three,four, or five hundred of 
them, making a very confpicuous black {pot or {cab on the back fide of 
the leaf. 
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|. Obfev. XX. Of blue Mould, and of the fir/d Principles of Ves 
getation arifing from Putrefattion. 
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2 He Blue and White and feveral kinds of hairy mouldy fpots, which 
| 4 are obfervable upon divers kinds of putrify d bodies, whether Ani- 
mal fubftances,or Vegetable,fuch as the fKin, raw or drefe'd, flefh,bloud, 
humours, milk, green Cheefe, cc. or rotten fappy Wood, or Herbs, 
Leaves, Barks, Roots, @c. of Plants, ate all of thein nothing elfe but fe- 
veral kinds of {mall and varioufly figur'd Mufhroins, which, from conve- 
nient materials in thofe putrifying bodies, are, by the concurrent heat of 
the Air, excited to acertain kind of vegetation, which will not be un: 
worthy our more ferious fpeculation and examination, as I (hall by and 
by thew. But, firft,1 muft premife a fhort defcription of this Specimen, 
Which [have added of this Tribe, in the firft Figure of the X 1. Scheme, 
which is-nothing elfe but the appearance of a frnall white {pot of hairy 
mould multitudes of which I found to befpeck & whiten over the red co- 
vers ofa fmall book, which, it feems, were ofSheeps-fkin,that being more 
apt to gather mould, even in a dry and clean room, then other leathers. 
Thefe Bottaistar d hroogh a good Mierofeope,to be à very pretty fhap'd 
Vegetative body, which, from almoft the (ame part of the Leather, thot 
' ' out 


126 MicROGRAPHIA. 


out multitudes of finall long cylindrical and tranfparent ftalks;not exad- 
ly ftreight,but a little bended with the weight of around and white knob 
that grew on the top of each of them; many of thefe knobs Tobfervd 
to be very round, and of a fmooth furface, fuch as A A, ee. others 
fmooth likewife,but a little oblong,as Bs feveral of thema little broken, 
or cloven with chops at the top, as C s others flitter d as twere, or flown 
all to pieces, as D D. The whole fubftance of thefe pretty bodies was 
ofa very tender conftitution, much like the (ubftance of the fofter kind 
f common white Mufhroms, for by touching them with a Pin, I found 
them to be brufed and torn s they feem'd each of them to have a di- 
ftin& root of their own 5 for though they grew neer together ina clufter, 
yet I could perceive each ftem to rife out of a diftiné part or pore of the 
Leather ; fome of thefe were fmall and fhort, as feeming to have been but 
newly fprung up, of thefe the balls were for the moft part round, others 
were bigger,and taller,as being perhaps of a longer growth,and of thefe, 
for the moft part, the heads were broken, and fome much watted, asE; 
what thefe heads contain'd I could not perceive 5 whether they were 
knobs and flowers, or feed cafes, I am not able to fay, but they feemd 
moft likely to be ofthe fame nature with thofe that grow on Mufhroms, 
which they did,fome of them, not a little refemble. 

Both their fell and tafte, which are active enough to make a fenfible 
impreffion upon thofe organs, are unpleafant and noifome. | 

I could not find that they would fo quickly be deftroy d by the actual 
flame ofa Candle, asat firft fight of them I conceived they would be,but 
they remain'd intire after I had paft that ma of the Leather on which 

x they ftuck three or four times through the flame of a Candle; fo that, it 
fcems they are. not very apt to take fire, no more then the common white 
Mufhroms are when they arefappy. — 

There are a aidHitude of other fbapes, of which thefe Microfcopical 
Mufhroms are figur d, which would have been a long Work to have de- 
fcribed,and would not have fuited fo well with my defignin this Treatife, 
onely;amongft the reft, I muft not forget to take notice of one that wasa 
little like to, or refembled,a Spunge, confifting of a multitude of little 
Ramifications almoft as that body does, which indeed feems to be a kind 
of Water-Mufhrom, of a very pretty texture, as I elfe-where manifeft. 
And a fecond, which I muft not omit, becaufe often mingled, and neer 

: adjoining to thefe Ihave defcrib’d,and this appear'd much like a Thicket 
of bufhes, or brambles, very much branch d;and extended,fome of them, 
toa great length, in proportion to their Diameter,like creeping brambles. 

The manner of the growth and formation of this kind of Vegetable, is 
the third head of Enquiry,which, had I time, fhould follow : the figure 
and method of Generation inthis concrete feeming to. me, next after 
the Enquiry into the formation, figuration, or chryítalization of Salts, to 
be the moft fimple, plain, and eafie; and it feems to be a medium — 
through which he muft neceflarily país, that would with any likelihood 
inveíligate the forma informans of Vegetables : for as I think that he fhall 
find it a very difficult tafk, who undertakes to difcover the form of Sa- 
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line cryftallizations, without the confideration and prefcience of the na: 

ture and reafon of a Globular form, and as difficult to explicate this coni 

figuration of Mufhroms, without tlie previous confideration of the fog 

of Salts; fo will the enquiry into the forms of Vegetables be no lefs; if 
not much more difficult, without tlie fore-knowledge of the forms of 
Mufíhroms, thefe feveral Enquiries having no-lefs dependance one üp- 
onanother then any felect number of Propofitions in Mathematical Ee: 
ments may be made to have. 

Nor do l'imagine that the fkips fiom the one to another wil] be found 
very great, if beginning from fluidity, or body without any form, we 
defcend gradually,till we arrive at the higheft formvof a bruite Animal’s 
Soul, making the fteps or foundations of our Enquiry, Fluidity: Orbicus 
lation, Fixation, Angulization, or Cryflallization Gevinimation Ot | Ebullzs 
tion, Vegetation Plantanimation, Animation, Senfation, Imagination, 

Now, that we may the better proceed in our Enquiry, It will be re: 
quifite to confider : 

Firft, that Mould and Mufhroms require no feminal property. but the 

former may be produc'dat any time from any kind of putrifying Animal, 
or Vegetable Subftance,as Flefh ec. kept moiftand warm,and the latter, 
if what Azathiolws relates be true, of making them: by:Art, ‘are as much 
within our command; of which Matter take the Epitomie which Mr, 
Parkinfow has deliver'd in his Herbal, in his Chapter of Mufhrons; becaufe 
I have not 4zztbiolus now by me: Unto thefe Mufhroms (faith he) may 
alfo be adjoyn'd thofe which are made of Art (whereof Mathioluswakes men< 
tien) that grow naturally among certain fioues 22 Naples, amd that the 
Jlones being dieg'd up, aud carried to Rome, and other places, whore they 
Jet them in their Wine Cellars, covering them with a little Earth,and fprinks 
ling alittle warm water thereon, would within four days produce Maufhrows 
Sit to be eaten, at what time one will: As alfo that Mufbroms may be made 
to grow at the foot of a wilde Poplar Tree, within four days after, waru 
water wherein [ome leaves have been difole'd shall be pour'd into the: Root 
(which mufi'be flit) and the floch above ground. 

Next, that as Mufhroms may be generated without feed; (o does it 
not appear that they have any fuchthing as {eed inany partot them ; for 
having confidered feveral kinds ofthem, T could: never find any thing in 
them that I could with any probability ghefs to be the feed of it, fo that 
it does not as yet appear (that I know of) thiat-Mufbroms may be ges 
nerated from a feed, but they rather feem to depend merely upon’a con- 
venient conftitution of the matter’ out of which'they are made; and a 
concurrence of either natural or artificial heat.) 0 . 

Fhirdly,that by feveral bodies (as Salts and we both in Water and 
in the air, and by feveral kinds of füblimations in thé Air) a&uated and 

uided with a cohgruoüs heat, there may be produe’d feveral kinds of 
bodies as curioufly, if not of a more compos'd Figure ; feveral kinds of 
rifing or Ebulliating Figures feem to:tnanifeft 4 ^as witnefs the fhooting 
in the Re&tification of fpirits of Urine, Hart-horn} Bloud, Sc witnefs alo 
the curious branches of evaporated diflolutions;\fome of then Eu 
the 


IE 


MicROGRAPHIA. 


the fides of thecontaining Jar: others ftanding up, or growing an end, 
out of the bottom, of which I have taken notice ot a very great variety. 
But above all the reft, it isa very pretty kind of Germination which is af- 
forded usin the Silver Tree, the manner of making which with Mereury 
and Silver, is well known to the Chymitts, in which there is an Ebullition 
or Germination, very much like this of Mufhroms, if I have been rightly 
inform’d of it. 
spends have very often taken notice of, and alfo obferv'd witha 
Microfcope, certain excrefcencies or Ebullitions in the {nuff of a Candle, 
which, partly from the fticking of the fmoaky particles asthey are car- 
ryed upwards by the current of the rarify d Air and flame, and partly 
alo from a kind of Germination or Ebullition of fome actuated unttuous 
parts which creep along and filter through fome fmall ftring of the Week, 
are formed into pretty round and uniform heads, very much refembling 
the form of hooded Mufhroms, which, being by any means exposd to the 
frefh Air, or that air which encompafles the flame, they are prefently 
lick'd up and devour'd by it, and vanith. 
‘The reafon of which Phenomenon (cems to me,to be no other then this : 
That when a convenient thread of the Week is fo bent out by the fides 
of the fnuff that are about half an Inch or more, remov d above the 
bottom,or loweft part of the Hame,and that this part be wholly included 
in the lame ; the Oyl (forthe reafon of filtration, which I have elfe- 
where rendred) being continualy driven up the fnuff, is driven like- 
wife into this ragged bended-end, and this being remov'd a good 
diftance, as half an Inch or. more, above the bottom of the flame, the 
arts of the air that pafles by it, are already, almoft fatiated with the dif 
olution of the boiling unctuous fteams that iffued out below, and there- 
fore are not onely glutted, that is, can diffolve no more then what they 
are already acting upon, but they carry up with them abundance of 
un&uous and footy particles, which meeting with that rag of the Week, 
that is plentifully fill'd with Oyl, and onely {pends it as faft as it evapo- 
rates, and not at all by diffolution or burning, by means of thefe fteamy 
parts of the filterated Oy! ifluing out at the fides of this ragg; and being 
inclosd with anair that is already fatiated and cannot prey upon them 
nor burn them, the afcending footy particles are ftay'd about it and fixd, 
(o as that about the end of that ragg or filament of the fnuff, whence the 
greateft part of the fteams iflue, there is conglobated or fix'd around 
and pretty uniform cap, much refembling the head of a Mufhrom, which, 
if it be of any great bignefs, you may obferve that its underfide will be 
bigger then that which is above the ragg or ftem of it ; for the Oyl that is 
brought into it by filtration, being by the bulk ofthe cap a little fhelter'd 
from the heat of the flame, does by that meansiflue as much out from be- 
neath from the ftalk or downwards, as it does upwards; and by reafon of 
the great accefs of the adventitious fmoak from beneath,it increafes moft 
that way. Thatthismay be the true reafonof this Phenomenon, Y coul 
produce many Arguments and Experiments to make it probable: As, 
Firft, that the Filtration carries the Oyl to the top of the Week,at leatt 
as 
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as high as thefe raggs, is vifible to one that will obferve the fnuff'of 4 
burning Candle with a Adicrofcope, where he may {ee an Ebullition or 
bubbling of the Oy], as high as the {nuff looks bi 

Next,that it does {team away more thén burti 5 I could tell you of the 

dim burning of a Candle, the longer the fnuff be which arifes from the 
abundance of vapours out of the higher parts of it. 
" And, thirdly, that in the middle of the flame of the Candle; neer the 
top of the fnuff, the fire or diflolving principle is nothing neer fo ftrong; 
as neer the bottom and out edges of the flame, which may be obferv'd by 
the burning afunder of a thread, that will firft break in thofe parts that 
the edges of the flame touch, and not inthe middle; 

And [could add feveral Obfervables that I have taken notice of in the 
flame ofa Lamp actuated with Bellows, and very many others that con- 
firm me in my opinion, but that it is not fo much to my prefent purpofe, 
which is onely to confider this concreet in the {nuff of a Candle, fo farr 
as it has any refemblance of a Mu(brom, to the confideration of which, 
that I may return, I fay, we may alfo obferve: 

Inthe firft place, that the droppings or trillings of Lapidefcent waters 
in Vaults under ground,feem to conititute a kind of petrify'd body, form’d 
almoft like fome kind of Mufhroms itiverted,in fo much that I have feen 
fome knobb'd a little at the lower end, though for the moft part, indeed 
they are otherwife fhap’d,and taper’d towards the end; the generation of 
which feemsto be from tio other reafon but this, that the water by foak- 
ing through the earth and Lime (for I ghefs that fubftance toadd mich 
to it petrifying quality) does fo impregnate it felf with ftony particles, 
that hanging in drops in the roof of the Vault, by reafon that the 
foakihg of the water is but flow, it becomes expos'd to the Air, and there- 
by the outward part of the drop by degrees grows hard, by reafonthat 
the water gradually evaporating the ftony particles néer the oütfides of 
the drop begin to touch, and by degrees, to dry and grow clofertoge- 
ther, and at length conftitute a cruft or fhell about the drop 3 arid this 
foaking by. ‘degrees, beitig more and more fupply'd, the drop grows 
longer and longer, and the fides ‘harden thicker and thicket into a 
Quill or Cane, and at length, that hollow or pith becomes-almoft ftop'd 
tip, and folid: afterwards the foaking of the petrifying water, finding no 
longer a paflage through the middle, burfts out, and trickles down the 
outfide, and as the water evaporates, leaves new fuperinduc’d fhells, 
which more and’ more fwell the bulk of thofe Iceicless and becáufe of 
the great fupply from the Vault, of perrifyizg water, thofe bodies grow 
bigger and bigger next to the Vault, and taper or fharpen towards the 
point; for the accefs from the arch of the Vault being but very flowjand 
confequently the water being fpread very thinly over the furface of the 
Iceicle, thé water begins to fettle before it can reath to the bottom, or 
corner end of it whence; if you break one of thefe; you would altnoft 
imagineit’a ftick of Wood petrify'd,it having fo pretty à refemblance of 
pith and grain, atid-if you look on thé outfide of a piece, or of one 
whole, you would think no lef, both’from its vegetable rounduefs and 
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tapering form; but whereas all Vegetables are obferv’d to. fhoot and, 
row perpendicularly. upwards, this does {hoot or propendy dired]y 
Sous i 

By which laft Obfervables, we fee that there may be a very pretty 
body fhap d and concreeted by Mechanical principles, without the leaít, 
fhew or probability of any other Ííeminal formatrix, (s 

And fince we find that the great reafon of the Phenomena of this pret- 
ty petrifation, areto be reduc'd from the gravity of a fluid and. pretty 
volatil body impregnated with ftony particles, why may not the Phaeno- 
mena of Ebullition or Germination be in part poffibly enough deduc d 
from the levity of an impregnated liquor, which therefore perpendicu- 
larly, aícending by degrees, evaporates and) leaves the more folid and 
fix d parts behind in the form of aMufhrom, whichis yet further. diverfis 
fy d. and fpecificated. by the forms of the parts that impregnated the li» 
quor, and compofe or help to conftitute the Muíhrom. 

That the foremention d Figures of growing Salts, and the Silver Tree, 
are from this principle, I could very eafily manifeft; but rhatl have not 
now a convenient opportunity of following it, nor have I made a fuffici 
ent number of Experiments and Obfervations to propound, explicate,and 
prove fo ufefull a Theory as this of Mufbroms: for, though, the con: 
trary. principle to that. o£pe/rifj 4 Iccicles may be in part a caufe s. yet 
I cannot but think, that there is fomewbat a. more complicated canle, 
though yet Mechanical, and poffible tobe explain d. |. L 

We therefore have further to enquire of it, what makes it tobe fucha 
liquer;, and. to: afcend, whether the heat of the Sun and Ais; or whe: 
ther that. o£ firmentiation and putrifadion, ox both,togerher 5 as alíowhes 
ther there be not a third or fourth; whether: Saline principle be. not a 
confiderable agent in this bufinefs alfo as well as heat 5 whether alío a fixas 
‘tion, precipitation or fettling of certain parts out of the aerial Mufbrom 
may not be alfo, a confiderable coadjutor in the bufinefs... Sing we find 
that many pretty beards onftiri¢ of the particles of Silver may be prech 
pitated upon a piece of Brafs put into a folution of Silver very, much di 
luted with fair water, which look not unlike a, kind of mould. or hoag 
upon that piece of metal 5 and the hoar froftlooks like a kind of moulds 
and.whether there may not be feveral others.that do.concurr to the pro» 
duction of a Mufhirom, having not yet had fufficient time to profecute act 
cording to. my defines, I muít referr, thistoa-better opportunity. of my 
own, oF leave and. recommend. it to the more diligent enquiry apd.exa; 
mination of fuch as can. be mafters both of leifure and, copwemiencies 10 
fuch ap. Enquiry. E een 

And in the meantime, I muft conclude, that as far as Ihave been able 
to look into the nature.of this Primary kind of life and, vegetation, Lat: 
not find the leaft probable argument to: perfwade me there;is any other 
concurrent. caufe; then fuchas is purcly Mechanical, and that the effetts 
or productions are asneceflary upon the, concurrence, of thofe, caufes à! 
thata Ship, when.the Sails are, hoift up, ‘and, the Rudder,is,fet to ficia 
politionfhould when the Wind. blowssibe mox d.in fuck, a way or coute 
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to that or t'other places Or, as that the brufed’ Watch, whiehol mena 


tion in the defcription of Mofs, fhould, when’ thofe parts which’hindred: 


its motion were fallen away, begin to move, but after quite átíother mans 
ner then it did before: 


Obfev. XXI. Of Mols, and feveral other finall vigetathie Sib: 
lances. dou 


Ofs is a Plant, that the wifeft of Kings thought neither unworthy 
his fpeculation, nor his Pen, and though amongft Plants it be-in 
bulk one ofthe fmalleft, yet it is not theleaft confiderable: For, aéto its 
fhape, it may compare for the beauty of it with any Plant that grows, 
and bears a much bigger breadth it hasa root almoft like afeedy Par 
nep, furnifh'd with (mall ftrings and fuckers, which are all of them finely: 
branch d, like thofe of the roots of much bigger Vegetables; out of this 
fprings the ftem or body of the Plant, which is fomewhat Quadrangulat, 
rather then Cylindrical, moft curioufly fluted or ftrung with {mall créafes, 
which run, for the moft part, para//el the whole ftem. on the fides of this 
are clofe and thick fet, a multitude of fair,large,well-fhap'd leaves, fóme 
of them of arounder, others of a longer fhape,acéording as they ‘are 
younger or older when pluck'd 5 as I ghefs by this, that thofe Plarits that 
had the ftalks growing from the top of them, had their leaves of'a müch 
longer fhape, all the furface of each fide of which, is curioutly cóver'd 
with a multitude of little oblong tranfparent bodies, in the manner as 
you fee it exprefs'd in the leaf B, in the XIII. Scheme. 
“This Plant, when young and fpringing up, does much refemble a Houf? 
! Jeek,having thick leaves,almoft like that, and feems to be fomwhat of kin 
to it in other particulars ; alfo from the top of the leaves, there fhoots out 
a {mall white and tranfparent hair, or thorn :' This ftem, in time,come to 
{hoot out into à Jong,roundand even ftalk, which by cutting traníverfly; 
when dry, I manifeftly found to be a ftiff, hard, and hollow Cane, or 
Reed, without ony kind of knot, orftop, from its bottcm, where the 
leaves encompafs'd it, to the top, on which there grows a large feed cafe, 
A, coverd with a thin, and more whitifh fkin, B, terminated in'a Jong 
thorny top, which at firft covers all the Cafe, and by degrees, as that 
fwells, the fkin cleaves, and at length falls off, with its thorny top and all 
(which is a part of it) and leaves the feed Cafe to ripen, and by degrees, 
to fhatter out its feed at a place underneath this cap, B, which before 
the feed is ripe, appears like a flat barr'd button, without any hole in the 
middle; but as it ripens, the button grows bigger, and a hole appears in 
the middle of it, E, out of which, in all probability, the feed falls: For 
asit ripens by a provifion of Nature, that end of this Cafe turns down: 
ward after the fame manner as the earsof Wheat and Barley ufually do 5 
and opening feveral of thefe dry red Cafes; F, I found them td be 
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uite hollow.without any thing at all in them 5 whereas when I cut them 
paw witha fharp E wien green, I found in the middle of this 
great Gafe,another {maller round Cafe,between which two,the zzterffices 
were fill d with multitudes of ftringie fibres, which feem'd to fufpend the 
leffer Cafe in the middle of the other, which (as farr as I was able to dif- 
cern) feem'd full of exceeding fmall white feeds, much like the feed-bagg 
in the knop of a Carnation, after the flowers have been two or three 
days, or a week.fallen off but this could not fo. perfectly. difcern, and 
therefore cannot pofitively affirm 1t. 

After the feed was fallen away, I found both the Cafe, Stalk,and Plant, 
all grow red and wither, and from other parts of the root continually to 
{pring new branches or flips, which by degrees increafed, and grew as 
bigg as the former, feeded, ripen d, fhatter'd, and witherd. , 

I could not find that it obferv'd any particular feafons for thefe fevera] 
kinds ofgrowth, but rather found it to be {pringing, mature, ripe, feedy, 
and wither'd at all times of the year; But 1 found it moft to flourifh and 
ipcreafe in warm and moift weather. | 

It gathers its nourifhments,for the moft part out of fome Lapidefcent,or 
other fub{tance corrupted or chang d from its former texture, or {ub- 
ftantial form; forI have found it to grow on the rotten parts of Stone, 
of Bricks, of Wood, of Bones, of Leather, ee. 

It oft grows on the barks of feveral Trees, {preading it felf, fometimes 
from the ground upwards, and fometimes from fome chink or cleft of 
the bark of the Tree, which has fome patrify'd fubftance in it; but this 
feems of a diftinét kind from that which I.obíerv'd to grow on putrifyd 
inanimate bodies, and rotten earth. 

"There are alío great varieties of other kinds of Moffes, which grow on 
Trees, and feveral other Plants, of whichI fhall here make no mention, 
nor, of the Mofs growing on the fkull of a dead man, which much re- 
fembles that of Trees. 

Whether this Plant does fometimes originally {pring or rife out of core 
ruption,without any difleminated feed, I have not yet made trials enough 
to be very much, either pofitive or negative ; for as it feems very hardto 
conceive how thefeed fhould be generally difpers'd into all parts where 
there is a corruption begun, unlefs we may rationally fuppofe, that this 
feed being fo exceeding {mall,and confequently exceeding light,is there 
by taken up, and carried to and fro in the Air into every place,and by 
the falling drops of rain is wafh'd down out of it, and fo difpers d into all 
places, and there onely takes root and propagates, where it finds a com 
venient foil or matrix for it to thrive in; fo if we will have it to proceed 
from corruption, it isnot lefs difficult to conceive, 


Firft; how the corruption of any Vegetable, much lefs of any Stone or 


Brick, fhould be the Parent of ío curioufly figur'd, and fo perfecta - 


Plant as this is. But here indeed, I cannot but add, that it feems rather to 
bea product of the Rain in thofe bodies where it isftay’d, then of the 
very bodies themfelves, fince I have found it growing on Marble, 


Flint; but always the Adicrofcope, if not the naked eye, w i 
: , would diícovet 
fome little hole of Dirt in which it was rooted. i Next, 
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Next,how the corruption of each of thofe exceedingly differine bodies 
fhould all confpire to the production of the fame Plant,that isthát Stones, 
Bricks, Wood, or vegetable fubftances, and Bones, Leather, Horns, or 
animate fubftances, unleís we may with fome plaufiblenefs fay, that Air 
and Water are the coad jutors, or zie nfirnumes in all kinds of putrifations; 
and that thereby the bodies (though whil'ft they. rétain’d heir fübftan- 
tial forms,were of exceeding differing natures;yet)fince they are diflolv'd 
and mixt into another, they may be very Homogeneous, they being almoft 
refolv'd again into Air, Water, and Earth; retaining, perhaps, one part of 
their vegetative faculty yet entiré, which meeting with eongrnous af. 
fiftants, fuch as the heat of the Air, and the fluidity of the Water, and 
fuch like coadjutors and conveniences, acquires a certain vegetation for 
atime, wholly differing perhaps from that kind. of vegetation it had 
before. 
To explain my meaning a little better by a grofs Similitude : 
Suppofe a curious piece of Clock-work, that had had feveral motions 
and contrivances in it, which, when in order, would all have.niov'd in 
their defign'd methods and Periods, We will further fuppofe, by fome 
means, that this Clock comes to be broken, brufed,. or otherwife difor-. 
dered, fo that feveral parts of it being diflocated, are impeded, and fo 
fiand ftill, and not onely hinder its own progreflive motion, and produce 
not the effc& which they were défign'd for, but becaufe the other parts 
alío havea dependence upon them, put a ftop to their motión likewife ; 
and {fo the whole Inftrument becomes unférviceable,, and riot fit for any 
ufe. This Inftrument afterwards, by fome fhaking and tumbling, and 
throwing up and down, comes to have feveral of its parts fhaken out, and 
feveral of its curious motions, and contrivances, and particles all fallen 
afunder ; here a Pin falls out, and there a Pillar, and here a Wheel, and 
there a Hammer, and a Spring, and the like, and among the reft, awa 
falls thofe parts alfo which were brufed and diforder'd, and had all this 
while impeded the motion ofall the reft5 hereupon feveral ofthofe other 
motions that yet remain, whofe fprings were not quite run down, being 
now at liberty, begin each of them to move,thus or thus, but quite after 
another method then before, there being many regulating parts and the 
like,fallen away and loft, Upon this, the Owner, who chances to heat 
and obíerve (ome of thefe effects, being ignorant of the Watch-makers 
Art, wonders what is betid his Clock, and prefently imagines that 
Íome Artift has been at work, and has fet his Clock in order, and madea 
new kind of Inftrument of it, but upon examining circumf{tances,he finds 
there was no fuch matter, but that the cafual flipping out of a Pin had 
made feveral parts of his Clock fall to pieces, and that thereby the ob- 
ftacle that all this while hindred his Clock, together with other ufefull 
parts were fallen out, and fo his Clock was fet at liberty... And upon 
winding up thofe fprings again when run down, he finds his Clock to go, 
but quite after another manner then it was wont heretofore, 
And thus may it be perhaps in the bufinefs of Mofs and Mould, and 
Mufhroms, and feveral other fpontaneous kinds of vegetations, which 
may 
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For this accidental produ 


may be causd by a vegetative principle, which was a coadjutor to the 
life and growth of the greater Vegetable, and was by the deftroying 
of the life of it ftopt and impeded in performing its office 5 but after- 
wards, upon a further corruption of fevera] parts that had all the while 
impeded it, the heat of the Sun winding up, as it were, the fpring, fets it 
again into a vegetative motion, and this beiug fingle, and not at all regu- 
lated as it was before(when a parto fthat greater machine the priftine ve- 
getable)is mov'd after quite a differing manner.and produces effects very 
differing from thofe it did before. 

But this I propound onely as a conjecture, not that I am more enclind 
to this Hypothefis then the feminal, which upon good reafon | ghefs to be 
Mechanical alío, as I may elfewhere more fully fhew : But becaufe I may, 
by this,hint a poflible way how this appearance may be folv'd 5 fuppofing 
we fhould be driven to confefs from certain Experiments and Obfervati- 
ons made, that fuch or fuch Vegetables were producd out of the cor- 
ruption of another, without any concurrent feminal principle (as [have 
given fome reafon to fappofe, in the defcription of a Microfcopical Mufh- 
rome) without — all from the infinite wifdom of the Creator, 

ion, as [may call it, does manifeft as much, if 
not very much more, of the excellency of his contrivance as any thing in 
the more perfe&t vegetative bodies of the world, even as the accidental 
moticn of the Automaton does make the owner fee, that there was much 


more contrivance in it thenat firfthe imagin'd. But of this I have added. 


more in the defcription of Mould,and the Vegetables on Rofe leaves, 
thofe being much more likely to have their original from fuch a caufe 
then this which I have here defcribed, in the 13. Scheme, which indeed! 
cannot conceive otherwife of, then as of a moft perfect Vegetable, want- 
ing nothing of the perfections of the moft confpicuous and vafteft Vege- 
tables of the world, and to be of a rank fo high, as that it may very 
properly be reckon'd with the tall Cedar of Lebanon, as that Kingly 
Botanift has done. 

We know there may be as much curiofity of contrivance, and excel- 
lency of form in a very fmall Pocket-clock, that takes not up an Inch 
fquare of room,as there may be ina Church-clock that fillsa whole room; 
And I know not whether all the contrivances and Mechanifms vequifite 
to a perfect Vegetable, may not be. crowded into an exceedingly leí 
room then this of Mofs, as I have heard of a ftriking Watch fo (al, 
that it ferv'd for a Pendant in a Ladies ear; and I have alrcady given 

ou the defcription of a Plant growing on Rofe leaves, that is abundant 
ly {maller then Mofs; infomuch, that neer 1000. of them would hardly 
make the bignefs of one fingle Plant of Mofs. And by comparing the 
bulk of Mofs, with the bulk of the biggeft kind of Vegetable we meet 
with in Story (of which kind we find in fome hotter climates, 2$ Guint, 
and Brafile, the ftock or body of (ome Trees to be twenty foot in Dia- 
meter, whereas the body or ftem of Mofs, for the moft part, is not above 
one fixtieth part of an Inch) we fhall find that the bulk of the one 
will exceed the bulk of the other, no lefs then 2985984 Millions, 
à or 


| 
; 
1 


Microorap Hid, 
9h 2985984000000,. and fuppofing the produ&ion on a; Kofe leaf to.be 
aPlant, we fhall have of. thofe India; Plante;to exceed.a production of 
tbefame Vegetable kingdom no lefs then 1009 timesthe former number; 
fo Prodigioully, various are the works.otithe Creatonand fo Al -fufficient. 
Is. hé: to: perform.what;to man, would Ícem, unpoflible;,. they.being-both 
alike:afie. te him, even.as-ene day, and a;thoufand;yearsare to.him as, 
oneand theifame time... 5. s. ROM 
valihave taken notice.of füch an infinite vari 
Vegetationssthar fhould Fhave defcribied.ev 
almofb have fill'd.a Velumesand: provid big 
Herbal, füch multitudes are there to be, 


ety, of, thofa.fmaller hinds. of; 
ery, oneat them,they. would, 
enough to have made a.neyy,; 
found, ini moift-hot weather, 
f putrifying fi ubftances; which, 


Moulds, on JMoffér, Lhall nor now difp 
more properly of one kind, others 


Aierofcopeswihether thisgreen were like Mofs, or long.friped Sea-weed,, 


OBA: XIE OF omo Spotges, and feoeral aber Spongie 
2 fibrousibadies. ii ad asl | E nt 


7A Sponge is commonly tcckon'd among the Zoaphyts, or Plant, Ani- 
Ard the fextsreof it which the Adicrofeope difcovers,feems, to 
confirm it ;:for itis obai form whereof I never obferv/d any other Veger 
table, and iindesd, ir ents impoflible that any fhould be. of it; for it. cour 
Gifts of aninfinite number of fmall fhont finer, or-heryous parts, much of 
the: fanie ibigniet, durionfly jointed. ar. contex d. together in. the form 
of a:Net, as dixnóre platgdy smáriifeft. by she: heel Draught which Log 
ahs aca 
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added, in the third Figure of the IX. Scheme, of a piece of it, which you? 
may perceive reprefents a confusd heap of the fibrous parts curioutly: 
jointed and implicated. The joints are; for the moft part, where three 
fibres onely meet.for I have very feldom met with any that had four. 

At thefe joints there is no one of the three that feems to be'the ftock: 
whereon the other grow, but each of the fibres are, for the moft part, of 
an equal bignefs, and feemeach of them to have an equal fhare inthe 
joint ; the fibres are all ofthem much about the fame bignefs, not fmaller 
towards the top of the Sponge; and bigger neerer the bottom or root, as 
is ufuall in Plants, the length of each between the joints, Is very irregu- 
lar and different; the diftance between fome two joints, being ten or 
twelve times more then between fome others: T 

Nor are the joints regular, and of an equitriagonal Figure, but,for the’ 
moft part, the three fibres fo meet, that they compofe three angles very. 
differing allof them from onc another. J | 

The méfbes likewife, and holes of this reticulated body, are not lefs 
various and irregular : fome bilateral, others trilateral, and-quadrilateral 
Figures; nay, I have obferv'd fome mefhes to have 5; 6, 7,8, or 9. fides, 
and fome to have onely one; (o exceeding various is the Lufus Nature in. 
this body. 3 5 

As to the outward appearance of this Vegetative body, they arefo 
nfuall every where, that I need not defcribe them, confifting of a foft 
and porous fubftance, reprefenting a Lock, fometimes a fleece of Wooll; 
but ít hasbefides thefe fmall microfcopical pores which lie between the 
fibres, a multitude of round pores’ or holes, which; from the top of it, 
pierce into the body, and fometimes go quite through to the bottom. — 

I have obferv'd many of thefeSponges, to have included likewife in 
the midft of their fibrous contextures, pretty large friable ftones, which 
muft either have been inclos d whil'ft this Vegetable wasin formation,or 
generated in thofe places after it was perfectly fhap'd. The later of which 
(cems the mare improbable, becaufe I did not find that any of thefe ftony 
fübftances were perforated with the füres of the Sponge. 107 077 d 

Thave never {een nor been enform'd of thetrue manner of the grow- 
ing of Sponges onthe Rockswhether they are found to increafe from little 
to great,like Vegetables,that is, part after part, or like Animals, all parts 
equally growing togethers or whether they be matrices or feed-baggs 
any kind of Fifhes, or. (ome kind. of watry Infect 5 or whethes they ann 
any times more foft and tender, oz of another nature and téexture,which 
things, ifI knew, 1 fhould much defire to be informed of: ;but from a 
curfory view that I at firft made with my AMicrofeope, and fome other 
trials.l fuppofed it to be fome Animal fubftance caft out, and faftned up- 
onthe Rocks in the form of a froth, or' cowgeráes of bubbles, like that 
which I have often óbfervd on'Rofemary, and other Plants (wherein 
is included a little Infe&) that all the little films which divide thet 
bubbles one from another, did prefently,almoft after the fubftance began 
to grow alittle harder;break,and leave ionely’ the thread behinds which 
might be, as twere, the angle or thread between the bubbles, . thatthe 

great 
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great holes or pores obfervable in thefe Spon 
ption of the included Heterogeneous fabttar 
other body, for many other fluid bodies 
breaking out of the leffer, were collected trito very latge bubbles; ‘and 
fo might make their way out of the Sponge, and jn their paflage might 
leave a round cavity 5 and if it were large might carry up with itthe ade 
jacent bubbles, which may be perceiv'd at the outfide cf the Sponge, if 
it be firft throughly wetted, and fuffer'd to plump it felf into its tiaturál 
forth, or be then wrung dry, and fuffer'd to expand it felf again; which it 
will freely do whil'ft moift : for when it has thus plumpd it felf into its 
natural fhape and dimenfions, “tis obvious enough that tlie thoutlisof the 
larger holes have a kind of lip or rifing roünd about them, but the óther 
{maller pores have little or none. [t may further bé ‘found, that eich oF 
thefe great pores has many other fmall pores below, that are united unto 
it, and help to conftitute it, almoft like (o many rivulets or fmall ftreams 
that contribute to the maintenance of a large River. Nor from this 

Hypothefis would it have’ been difficult to explicate, how’ thof little 
branches of Coral, {mal Stones, Shells, and the like; cométo be included 
by thefe frothy bodies :' But this inded was but a conjecture’; and upon 
a more accurate enquiry into the form of it with the Microfcope, it feems 
not to be the true origine of them’; for whereas Sponges have onely 
three arms which join together at each knot, if they Had been generated 
from bubbles they muft have had four: 10 Yf 10 2:01. | 
But that they are Animil Subftances, the chymical éxaniination’ of 
them feems to manifeft, they affording à volatil Salt ‘and fpirit like Hagti- 
Horn, as docs'alfo their great ftrength and toughriefs; arid their fiel 
when burn in the Fire or a Candle, whieh'has a kind offlefhy fent not 
much unlike to’ hair. And Having fince ‘examii'd feverál Authots cón- 
cerning them,among others, I find this account given by Billonius}iti the 
X I. Chap. of his 24 Book, ‘De Aquatilibns: Spongid recentes, fays hea ficess 
longe diverfe,fcopulis aque marine ad duos el tres cubitos noununguaws qua- 
por tantum digitos immerfis, ut fungi arboribus adherent, fordido quodam 
fitcco aut mucofa potius fanie referteufque adeo fetidaut vel ewinns naiifeans 
excitet, continetur autem ti cavernis, quas inahes in Niccis G lotis Sposngiis 
cernimus : Putris pulmonis modo nigra con|piciuntur, weriim que 25 fnblimi 
aque nafcuntur multo magis opaca nigredine fuffule sunt. Viuere quidem 
Spongias adberendo Ariftoteles cesjet': abjolute vero minime': Jenfumque 
aliquem babere, vel eo argumento (inquit?) credantur. quod difficillime ab- 
ffrabantur mifi clanculum agatur: At45 ad avulforis acceffum ita contrahantur} 
ut eas evellere difficile fit, qitod idem etiam facint quoties flatus temipefia- 
téfque wrgent. Puto autem illis fuccum fordiduim quem pupa 'diximws car- 
wis loco 4 natura attributum. fuiffe : atque "méatiby latioribus: tan- 
quam inteftinis aut imtéranebe uti, Caterum pars ea que Spongia ‘cantibus 
adherent eff tanquant folii petiolus, à quo velnti collum guoddam gracilein- 
enit 7 quod deinde in latitudineiz diff um éupitir alobusi facit. Recentibus 
nihil eft fftulofim; héfitantque tanquam vaddicibus, Superneonnespropenro- 
p meatus concret? latent : inferne verd dntevni ant Guin? patent; per gros 
V eas 


Ses were made by the erüs 
ice (whether air, "or fotie 
will do the fame thing? wHicH 
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Hi eas fugere exiffimamus. From which Defcription, they feem to be a kind 

of Plant-Animal that adheres to a Rock. and thefe {mall fibres ox threads 

. which we have defcribed, feem to have been the Veflels which ( tis very 

E. \ probable) were very much bigger whil ít the Inier[Htia were fill'd (as 

img he affirms) with a mucous,pulpy or flefhy (ubftance ; but upon the drying 
AB were fhrunk into . (f 

| met with any other body 

of a larger fort of Sponge 


(which is preferv 
Illuftrious and moft learned Socie "de 
of a horney, or rather of a petrifj'd. fübftance. And of this indeed, the 
texture and ma 
d | that both the holesan 
: bigger,for fome of the holes were a 


E fibres and texture of it was bigg enoug | 
ones eye, but confpicuoufly with an ordinary fingle Adicrofcope. And thefe ' 1 


indeed, feem'd to have been the habitation of fome Animal; and exe — 


amining Ariftotle, Y find a very confonant account 
he had known a certain little Animal, call 
be bred in thofe caverns of a Sponge.fr 
clofing thofe holes, he infnares and catc 


ther place he fays, "That tis very co 
tain Moths or Worms that refide in the cavities of a Sponge,andarethere — 
nourifhed : Notwithftanding all which Hiftories,| think it well worth the /— 
enquiring into the Hiftory and nature of a Sponge; it Íceming to promife 
fome information of the Veflels in Animal fubftances, which (by reafon 

of the folidity of theinterferted flefh that is not eafily remoy d, without — 
deftroying alfo thofe interfpers d Veflels) are hitherto undifcover ds 
whereas here in.a Sponge,the Parenchyma,it Ícems;is but a kind of mucuus | 


gelly, which is very eafily and cleerly wath d away. | 
The reafon that makes me imagine, that there may probably be fome 
fach texture in Animal fubftances, is, that examining the texture of the 
filaments of tann d Leather, 1 find it to be much of the fame nature a A 
(trength of a Sponge s and with my Adicrofcopesl have obfery’d manyfudi — 
joints and knobs, as I have defcribed in Sponges; the fibres alfo in the hol- 
low of feveral forts of Bones, after the Marrow has been remov d,I have — 
found fomewhat to refemble this texture, though, I confeís; I neveryet — 
found any texture exa&tly the fame, nor any for curiofity comparable | 
to it, wer 
The filaments of it are much {maller then thofe of Silk, and through | 
the Micrefcope appear very neer as tranfparent, nay, fome parts 0 them — 
Ihaveobferv.d much more. a dm 
Having examin'd alío feveral kinds of Mufhroms, 1 finde their texture 
CHE to be fomewhat.of this kind, that is, to confift of an infinite company 9 
3415.2. {mall filaments, every way contex d and woven together, fo as to mas ea 
| kind of cloth, and more particularly, examining a piece of Touch- ki | 


HET (which isa kind of em;-ear; or Muíhrom; growing here in England al 
| on 
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on ‘feveral forts of Trees, fuch as Elders, Mapless'Willows; @czand is 
commonly call'd by the nanie of Spunk; but thatowe: meet: with ‘tobe 
{old in Shops, isbrought from beyond Seas): Lfound it to be made ofan 
exceeding delicate texture :: For the fübftarice/ofit; feels; and looks to 
the naked eye and may be ftretcli'd any way;exadlylikea veryfine piece: 
of Chamois Lcathet; or wath'd Leather; but it isof {omewhat a'browher: 
héw;and nothing neer fo ftrong; but’ examining iewith-my: Microfcope; 
T found it of fomewhat: another make then any:kitid iof Leathers for. 
wharéasboth Chamois, and all other kinds of Leather I have yet view'dy 
confift of an infinite company of filaments, fomewhat like bufhes inter- 
Woven one within another, that is,of bigger parts or ftems, asit were, and 
Ímaller branchings that grow out of them; orlikea heap of Ropes ends, 
where gach of thelarger, Ropes by degrees feem, tofplit or untwHt, into 
many finaflér Cords, and each of thole Cords intó-fftaller Lines, and 
thofe Lines into Threads, &«. and thefe ftrangely intangled, or inter- 
woven'one within another : ‘The texture of this Youch-wood feemg 
more like that of a Lóck ora Fleece'of Wool, for it confifts of án fhtmite 
number of (mall filaments, all of them, asfarr as ['could perceive; ofthe 
fame bigiiefs like thofe of a Sponge, but that the filaments of this Were 
not a twentieth part of the bignefs of thofe of a S onge 5 and I Could not 
fo plainly perceive thieit joints, or tlieir manner o interweaving, though, 
as farrasT was able to difcern with that’ Microfcopel had,’ 1 fuppofe it to 
have fome kind of refemblance, ‘but the joints are hothing neer fo ‘thick, 
nor without much trouble vifible. is TUER 
The'tilamentsT could plainly enough perceive t6 be even,round, cylin 
drical,tran{parent bodies,and to crófs each other every way, that i$, theré 
were not tore feem'd to lie horizontally then perpendicularly and thwart 
way, fo that it is fomewhat difficult to conceive how they fhould grow’ 
in that manner. By tearing off a fmáll piece of it; and looking ‘on the 
ragged edge, I could among feveral of thofe fibres perceive {mall joints, 
thatis, one of thofe hairs fplit into two, each of the fame bignefs with the 
other out of which they’ feem'd to grow, but having not lately hed anf 
opportunity of examining their manner of growth, I cannot pofitively af: 
firm any thing of them. Se Siero 
But to proceed; The fwelling of Sponges upon wetting, and the rifing 
of the Water in it above the furface of the Water that it touches, are 
both from the fame caufe, of which an account is already piven inthe’ 
fixth Obfervation. - iioi 
The fübftance of them indeed, has fo many excellent properties, fcarce’ 
tobemet with in any other body in the world, that I have often won- 
dered that fo little ufe is made of it, and thofe onely vile and fordid ; 
certainly, if it were well confider'd, it would afford much gteater con: 
veniencies. | 
That ufe which the Divets are faid to take of it, feems, if true, 
very ftrange, but having made trial of it my felf, by dipping a fmall piece 
of it in very good Sallet-oyl;and putting it im my mouth,and then Keep- 
ing my mouth and nofe under water,I could nd any fuch thing; forI 
Lr was 
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was as foon out of breath,as if Ihad had.no Sponge,nor could [fetch my 
breath without taking in water at my mouth; but I am. very apt to 
think, that werethere a contrivance whereby the expir'd air might be 
forcd to país through a wet or oyly Sponge before it were again infpirdd, 
it might much cleanfe, and (train away from the Air divers fuliginous 
and other noifome fteams, and the dipping of it in certain liquors.might, 
pes fo renew that property in the Air which it lofes in the Lungs.b 
€ 


ing breath d, that one fquare foot of Air might lafta man for refpirati- 


on much longer, perhaps,then ten will now ferve him of common Air. 


Obfery. XXIII. Of the curious texture of Sea-weeds. 


tables Ihave yet obferv d, feen any one comparable to this Sea-weed 
Thave here deícrib'd, of which I am able to fay very little more then what 
is reprefented by the fecond Figure of the ninth Scheme; Namely, that 
it isa Plant which grows upon the Rocks under the water, and increafes 
and fpreads it felf into a great tuft, which is not onely handfomely 
branch'd into feveral leaves, but the whole furface of the Plant iscover'd 
over with a moft curious kind of carv’d work, which confi(ts of a tex- 
ture much refembling a Honey-comb ; for the whole furface on both fides 
is coyer'd over with a multitude of very {mall holes,being no bigger then 
fo many holes made with the point of a {mall Pinn, and rang d in the 
neateft and moft delicate order imaginable, they being plac d in the man- 
ner of a Quincunx, or very much like the rows of the eyes of a Fly, the 
rows or orders being very regular, which way foever they are oblery d: 
what the texture was, as it appear d through a pretty bigg Magnifying 
Aticrofcepe, Y have here adjoind in the firít Figure of the 14. Schertes 
which round Area ABCD reprefents a part of the furface about one 
eighth part of an Inch in Diameter : Thofe little holes, which to the eye 
look’d round, like fo many little fpots, here appeard very regularly 
fhap'd holes, reprefenting almoft the thape of the fole of a round toed 
fhoe, the hinder part of which, is, as it were, trod on or cover'd by the 
toe of that next below itsthefe holes feem'd wall’d about with a very thin 
and tranfparent fubftance, looking of a pale ftraw-colour ; fromtheedge 
of which, againft the middle of each hole, were fprouted out four fmall 
tranfparent ftraw-colour d Thorns, which cem d to. protec and cover 
thofe cavities, from either fide two 5 neer the root of this Plant, were 
fprouted out feveral {mall branches of a kind. of baftard Cerallise, cutis 
oufly branch d, though fmall. 

And.to confirm this, having lately the opportunity of viewing the 
large Plant (if I may fo call it) of a Sponge petrifj 4, of whichl made 
mention in the laft Obfervation, I found, that each of the Branches ot 

Figures of it, did, by the range of its pores, exhibit juft facha tii 
the 


ES curiofity and beauty, I have not among all the Plants or Vege- 
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the rows iof. pores crofling one another, -much after the mahner-as the 
rows of eyesido which are. defcrib' d iwthe 26.8cheme Coraline alfo, and 
feveral forts of white'Core/, I have with.à Iscrófeope -obíerv'd very fcu- 
rioufly thap’d. And .I doubt not, but thar he sthat fhall oblerve tliefe 
feveral kinds of Plants that grow upon Rocks, which the Sea. fomc- 
times overflows, and thofé:heaps of others which are vomited out o£ jt up- 
on the fhore, may find multitudes of little Plants, and ‘other bodies,which 
like this will afford very beautifull objects for the Micr ofedpe 5 and this 
Specimembete is ad join d onely to excite their curiofities who have Ops 
portunity. of obferving to:exainine (and ‘colle what they find worthy. 
their notice s for the Sea, among terreftrial. bodies, ;is-alío a prolifich 
mother, and affords as.many Inftances of fpontaneous generátions.as ci- 
therthe Air or Earth. | 1 
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Oblery., XXIV... Ofthe furfaces of Rolemary, and other leaves; 


"T His which is delineated within the ciréle ofthe fecond Figure of the 

14. Scheme, is a fmall part of the back or under fide of a leaf of 
Rofemary, which I did not therefore make choice of, becaufe it had any 
thing peculiar which was not obfervable -with a Microfeope in Ícveral 
other Plants, but becaufe it exhibitsat-one view, -— ^ : 

Firft, a fmooth and fhining furface, nately, A B; which is'à part'óf the 
upper fide of the leaf, that by akind of hemor doubling of the leaf ap- 
pears on this fide. There are multitudes of leaves; whofe furfaces are 
like this fmooth, and asit were quilted, which look likea curious quilted 
bagg of green Silk, orlike a Bladder, or fome (uch pliable ibi 
fubftance, full ftuffed out with a green juice or liquor the fürface of 
Rue, or Herbgrafs, is polith’d, and all over indented, or pitted, like the 
Silk-worm's Egg, which I fhall anon'deícribe the {mooth fürfaces of dther 
Plants are otherwife quilted, Nature in this, as it were, exprefling her 
Needle-work, or imbroidery, 

Next a downy or buíhy furfacey fuchi.as is all the under fide aloft; 
appearing through the Adierofcope much like a thicket of bufhes, and with 
this kind of Down or Hair the leaves and ftalks of multitudesof Vege 
tables are covered ; and there feems to be as great a variety in the fhape, 
bulk, and manner of the growing of thefe fecundary Plants, asI may call 
them (they being, as it were, a Plant growing out of a Plant, or fome= 
what like the hairs of Animals) as there is to be found amongft {mall 
fhrubs that compofe bufhes; but forthe moft part, they confift of fmall 
tranfparent parts, fome of which grow in the fliape of fmall Needlésor 
Bodkins,as on the Thiftle,Cowag-ecod and Nettle; others in thé form of 
Cat's claws.as in Cliders, the beardsof Barley, the edges of feveral forts 
of Grafs and Reeds, cc. in other,as Coltsfóot;R ófe«campion, Aps, Poplar, 
Willow, and almoft all other downy Plants, they grow in the form of 


buíhes very much diverfify'd in cach particular Plant. That — ins 
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' what ever be the ufe of it, it affords a very pleafant object through the 7 


before in the 19. Obfervation noted on Rofe-leaves, is of a quite differ- 
ing kind, and feems indeed a real Vegetable, diftin& from the leaf... 
Thirdly, among thefe {mall bufhesare obfervable an infinite company 
of (malltound Balls, exactly Globular, and very much refembling Pearls, 
namely, CCCC, of thefe there may be multitudes obferv’d in Sa ei 
and feveral other Plants, which I fuppofe was the reafon why Athanafiva 
Kircher fappofed them to be all cover'd with Spiders Eggs; ey 
Spiders. which indeed is nothing elfe but fome kind of gummous ex 
datioti;which is always much of the fame bignefs. At firft fight of thefejl 
confefs, Pimagin’d that they mighthave been fome kind of wmatrices,or 
nourifhing receptacles for fome {mall Infe&, juft as I have found Oaks 
apples, and multitudes of fuch other large excrefcencies on the leaves — 
and other parts of Trees and fhrubs to be for Flyes, and divers other Ins .— 
fects, tut obferving them to be there all the year, and fcarce at all to .— 
changetheir magnitude, that conjecture feem'd not fo probable. But 7 


Microfpe; and tay, perhaps, upon further examination, prove ve 


luciferous. F 
n DÀ " 


Obferv. XXV. Of the flinging points and juice of Nettles, and " 
fome other venomous Plants. ! E 


Nettle is a Plant fo well known to every one,as to whatthe appears 
‘ance of it isto the naked eye,that it needs no deícriptionsand there 
are very few that have not felt as well as feen it ; and thereforeit will be — 
no nevs to tell that a gentle and flight touch of the {kin by a Nettle,does — 
oftentime, not onely create very fenfible and acute pain, much like that — 
of a burn or {cald,but often alfo very angry and hard fwellings and infla- — 
matiors of the parts, fuch as will prefently rife, and continue fwoln die 
vershours. Thefe obfervations, I fay, are common enough 5 but how thé 
painisfo fuddenly created, and by what means continued, augmented 
fora time, and afterwards diminifh'd, and at length quite exftinguifh'd; 
has no:, that I know, been explain d by any. E. 
Anc here we muft have recourfe to our Z4ierofcope, and. that. will, if 
almoftany part of the Plant be looked on, fhew us the whole furface of 
it very thick fet with turn-Pikes, or fharp Needles, of the fhape ofthofe — 
reprefented in the 15. Scheme and firft Figure by A B, which are vifible — 
alfotothenaked eye each of which confifts of two parts very! diftin® — 
for fhape,and differing alfo in quality from one another. Forthe part Ay — ^ 
is fhaped very much like around Bodkin, from B tapering till it end ina 
very tharp points it is of a fubftance very hard and ftiff, exceedingly 
tranfpirent and cleer, and, as I by many trials certainly found, is hollow 
from top to bottom. | ratis 
Thslfound by this Experiment, I bad a very M s 
Cope 
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fcope with afingle Glafs which drew about halfan Inch,this Í had faftned 
into a little frame, almoft like a pair of Spectacles, which I placed before 
mine eyes, and fo holding the leaf of a Nettle at a convenient diftance 
from my eye, I did firft,with the thrufting of feveral of thefe briftles into 
my fkin, perceive that prefently after I had thruft them in I felt the burn- 
ing pain begin; next I obfervd in divers of them, that upon thrufting 
my finger againít their tops, the Bodkin (if I may fo call it) did not in 
the leaft bend, but I could perceive moving up and down within ita cer: 
tain liquor, which upon thrufting the Bodkin againft its bafis; or bagg B 
I could perceive to rife towards the top, and upon taking away my hand, 
I could fee it again fubfide, and fhrink into the bagg ; this I did very 
often, and faw this Phenomenon as plain as I could ever fee a parcel of 
water aícend and defcend ina pipe of Glafs. But the bafis underneath thefe 
Bodkins on which they were faft, were made of a more pliable fübftance 
and looked almoft like a little bagg of green Leather, or rather refems 
bled the fhape and furface of a wilde Cucumber, or cucumeris afinini 
and { could plainly perceive them to be certain little baggs, bladders,or 
receptacles full of water, or as I ghefs, the liquor of the Plant, which was 
poifonous, and thofe fmall Bodkins were but the Syringe-pipes, or Gly- 
Íter-pipes, which firft made way into the fkin, and then ferved to convey 
that poifonous juice,upon the prefling of thofe little -baggs, into-the in- 
terior and fenfible parts of the {kin,which being fo difcharg'd, does coré 
rode, or, asit were, burn that part of the fkimit touches ; and this pam 
will fometimes laft very long; according as the impreffion istade deeper 
or ftronger. "vol 

The other parts of the leaf or furface of the Nettle, have very little 
confiderable, but what is common to moft of thefe kinds of Plants, as the 
ruggednefs or indenting, and hairinefs, and other roughnefles of the fur- 
face or out-fide of the Plant, of which [ may fay more in another place. 
As I fhall likewife of certain little pretty: cleer Balls or Apples ‘which I 
have obíerved to ftick to the fides of theíe leaves, both onthe upper and 
under fide, very much like the fmall Apples which I have often obferv'd 
to grow on the leaves of an Oak call'd Oak-apples which are nothing but 
the Aéatrices of an Infect, as I elfewhere fhew. 

The chief thing therefore is, how this Plant comes,by fo flipht a touch, 
to create fo great a painsand the reafon of this feemsto be nothing elfe,but 
the corrofive penetrant liquor contain'd inthe frtiall bages or bladders, 
upon which grow out thofe fharp Syringe-pipes, as I before noted ; and 
very confonant to this, is the reafon of the pain created by the fting ofa 
Bee, Wafp, cc. asl elfewhere fhew: For by theDart,which is likewife d 
pipe, is madea deep paflage into the fkin, and then by the anger of the 
Fly, is his gally poifonous liquor injeCted ; which being admitted among 
the fenfible parts, and fo mix d with the humours or flagnating juices of 
that part, does create an Ebullition perhaps, or effervefeens, as isufually 
obferv'd in the mingling of two differing Chymical faline liquors, by 
which means the parts become fwell'd, hard; and very painfull; for 
thereby the nervous and fenfible parts arenot onely ftretch'd and —— 
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beyond their natural tone, but are alfo prick d; perhaps, or corroded by 
the pungent and incongruous pores of the intruded liquor. iom 
And this feems to be the reafon, why Aqua fortis, and other falimeli- 
quors, if they come to touch the fenfitive parts, as in a cut of the fkin, 
or the like, do fo violently and intollerably exeraeiate and torment the 


Patient. And tis not unlikely, but the Inventors of that Diabolical pra: ~ 


&ice of poifoning the points of Arrows and Ponyards, might receive 
their firft hint from fome fuch Inftance in natural contrivances, as thisof 
the Nettle: for the ground why fuch poifon'd weapons kill fo infallibly 
as they do, feems no other then this of our Nettle’s ftinging 5 for the Pon- 

ard or Dart makes a paflage or entrance into the fenfitive or vital parts 
of the body, whereby the contagious fubftance comes to be diffolv'd by, 
and mix'd with the fluid parts or humours of the body,and by that means 
fpreads it felf by degrees into the whole liquid part ofthe body, in the 
ame manner, as a few grains of Salt,put into a great quantity of Water, 
will by degrees diffufe it felf over the whole. 

And thisI take to be the reafon of killing of Toads, Frogs, Effs, and 
feveral Fifhes, by ftrewing Salt on their backs (which Experiment was 
fhewn to the Royal Society by a very ingenious Gentleman, and a worthy 
Member of it) for thofe creatures having always a continual exfudation, 
as it were,of {limy and. watry parts,fweating out of the pores of their fkin, 
the alive particles, by that means obtain a vehicle. which conveys themin- 
to the internal and vital parts of the body. 

This feemsalío to be the reafon why bathing in Mineral waters are 
fuch foveraign remedies for multitudes of diftempers,efpecially chronicals 
for the liquid & warm vehicles of the Mineral particles,which are known 
to be in very confiderable quantities in thofe healing baths,by the bodys 
long ítay in them, do by degrees fteep and infinuate themfelves into the 
pores and parts of the fkin,and thereby thofe Mineral particles have their 
waysand paflages open'd to penetrate into the inner parts, and mingle 
themfelves with the flagrant juices of the feveral parts 5 befides,many of 
thofe offenfive parts which were united with thofe flagnant juices, and 
which were contrary to the natural conftitution of the parts, and fo be- 
come irkfome and painfull to the body,but could not be difcharged, be- 
caufe Nature had made no provifion for fuch accidental mifchiefs, are, by 
means of this foaking, and filling the pores of the {kin with a liquor, af 
forded a paflage through that liquor that fills the pores into the am: 
bient fluid; and thereby the body comes to be difcharged. iw coq 

So that ‘tis véry evident,there may be a good as well as anevil'applica* 
tion of this Principle. And the ingenious Invention: of that Excellent 
perfon, Doctor Wren, of injecting liquors into the veins of an ‘Animal, 
feems to be reducible to this head : I cannot ftay, nor is this a fit place, to 
mention the feveral.Experiments made of this kind by the molt incom 
parable Mr. Boyle, the multitudes made by the lately mention'd Phyfician 
Doctor clark, the: Hiftory whereof, as he has been pleas'd to commu 
Dicate to the Royal Society, fo he may perhaps be prevail'd with to make 
publique himfelf; But I thall rather hint, that certainly, if this Principle 
were 
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were well confider d,there might, befides tlie further improving of Bath: 
ing and Syringing into the veins, be thought on feveral ways, whereby 
fcveral obftinate diftempers of a humane body,fuch as the Gout,Dropfie 

Stone, Gc, might be mafter'd, and expell'd 5: and good men might make 

as good a ufe of it, as evil men have made a perverfe and Diabolical. 

And that the filling ofthe pores of the fkin: with fome fluid vehicle, is 

of no {mall efficacy towards the preparing a paflage for féveral kinds of 

penetrant juices, and other difivluble bodies, to infinuate themfelyes 

within the ikin, and into the fenfitive parts of the body, may be; think; 

provd by an Inítance given us by Belonins, in the 26. Chapter of the 
fecond Book of his Obfervations , which containing a. very remarkable 

Story I have here tranfcrib'd: cum Chameleonis neri radices. (Lays he) 

apud Pagum quendam. Livadochorio nuncupatum. erui curaremms, plurins 

Graci & Turce foe atum venerunt quid eruerenus, eas vero Sruftilatim fe- 

cabamus, & filo trajiciebanus ut facilius exficcari poffént. Turce in eo ge 
gotio occupatos nos videntes, fimiliter eus radices tradlare & Jecare volue- 
runt: at cum fuwrmuwes effet ofius, & onmes fadore maderent, quicungue 
cam radicem manibus tradaverant fudoremque abjterferant, aut faciem dis 
kitts fealpferant, tantam prurigimem vis locis quos attigerant poftea Jenferunt; 
nt adurt viderentur. Chameleonis enim xigri radix ea virtute pollet, ut cys 
tt applicata ipfam adeo inflammet, ut mec Jquille, nec urtica nlle centefiuá 
parte sta adurent : At prurigo non adeo celeriter Jefe prodit. Poft unav aut al» 
teram porro boram, (imouli variis faciei locis cutem adeo inflammataz bas 
bere cepimus ut tota fangninea videretur, atque quo magis cam confricabas 
mir j asta magis excitabatir prurigo. Fonti affidebanus Jub platámo atque izri« 

tio pro ludicro babebaneus € ridebamus : al tandem ill; plurimum indignati 
Jet, & wifi nljeverafjemus nunguam expertos tali virtute eam plantam pollere; 

hand dubie male mos multaffent. Attamen noftra excnjatio fiit ab illis facili 

n acceptaycum eodem incommodo mos affettos confpicerent, Mirum faut quod 

in tantillo radice tam ingentem efficaciam nofiro malo experti fassus, 

By which obfervation of hisjit Ícems manifeft,that their being all cover'd 
withíweat who gather'd and cut this root of the black Chameleon 'Thiftle; 
was the great reafon why they fuffer'd that inconvetience, for it feems the 
like ciréumftance had not been before that noted, nor do I find any men- 
tion of fücha property belonging to this Vegetable.ín any of the Her: 
balsIháve at prefent by me. 2 

I could give very many Obfervations which I hate made of this kind, 
whereby I have found: that the beft way to get a body to. be. iifinuated 
into the fubftance or infeh(ible pores of another, is firlt, to finda fluid 
vehicle that has fome congruity,both to the body to.be infinuatéd,and to 
the body into whofe’ pores you would have the other convey d. And ity 
this Principle lies the gteat myftery of ftaining fevéral forts of bodies, as 
Marble, Woods, Bones, é-c. and of Dying Silks, Cloáths, Wools, Fea- 
thers, ^c, But thefe being digreffions, 1 fhall proceed to; | 


Obferv. X X V 1, Of Cowage amd tbe itching operation of fone bodies, 
. Here isa certain Down of a Plant,brought from the Eaft-Indies,cal'd 
^. commohly, though very improperly, Cow-itch, the reafon of se 
. X miftake 
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miftake is manifeft enough from the defcription of it,which Mr. Parkinfon 
{ets down in his Herbal, Tribe XI. Chap. 2. Phaftolus filiqua birfuta 5 The 
hairy Kidney-bean, called in Zuxratte where it grows, Coubage : We bave bad 
(fayshe) another of this kind brought ws out of the Eaft-Indies, which being 
lanted, was in shew like the former, but came not to perfection, the unkindly 
feafon not fuffering 1t to fpem the flower 5 but of the Cods that were brought, 
fome were fezaller, foorter, and rounder then the Garden kinds others much 
longer, and many growing together, as it were in cluftersyand cover d all over 
with a brown fhort bairinefs, fo fine, that if any of it be rubb'd, or fall onthe 
back, of ones hand, or other tender parts of the skin, it will caufe a kind of 
itching, but not ftrong, nor long induring, but palfing quickly away, without 
either danger or harm 5 the Beans were fenaller then ordinary, and of a black, 
fhining colour. 

Having one of thefe Cods given me by a Sea-Captain, who had fre- 
quented thofe parts, [found it to be a {mall Cod, about three Inches 
long, much like a fhort Cod of French Beans, which had fix Beans init, 
the whole furface of it was cover'd over with a very thick and fhinin 
brown Down or Hair, which was very fine, and for its bignefs m 

taking fome of this Down, and rubbing it on the back of my hand,1 
found very little or no trouble, only I was fenfible that feveral of thefe 
little downy parts with rubbing did penetrate, and were funk, or ftuck 
pretty deep into my fkin. After I had thus rubb'd it for a pretty while, 
[felt very little or no pain, in fo much that I doubted, whether it were 
the true Couhage ; but whil {tI was confidering, I found the Downbegin 
to make my hand itch, and in fome places to fmart again, much like the 
ftinging of aFlea or Gnat, and this continued a pretty while, fo that by 
degrees I found my fkin to be fwell’d with little red puftules, and to 
look as if it had been itchie. But fuffering it without rubbing or fcratch- 
ing, the itching tickling pain quickly grew languid, and within an hour 
[felt nothing at all, and the little protuberancies were vaniíh'd. 

The caufe of which odd Phenomenon, I fappofe to be much the fame 
with that of the ftinging of a Nettle, for by the Aécrofcope, I difcoverd 
this Down to confift of a multitude of fmall and flender conical bodies, 
much refembling Needles or Bodkins, fuch as are reprefented by A B. 
€ D. EF. ofthefirft Figure of the XV». Scheme; that their ends AAA, 
were very fharp, and the fubftance of them {tiff and hard, much like the 
(übftance of feveral kinds of Thorns and crooks growing on Trees. And 
though they appear'd very cleer and tranfparent, yet I could not per- 
ceive whether they were hollow or not, but to me they. appear 
like folid tranfparent bodies, without any cavity in them 5 whether, 
though they might not be a kind of Cane, fill'd with fome tranfpa- 
rent liquor which washardned (becaufe the Cod which I hàd was very 
dry) I was not able to examine. AP stditst 

Now, being fach ftiff, fharp bodies, it is eafie to conceive, how with 
rubbing they might eafily be thruft into the tender parts of the skin,and 
there, by reafon of their exceeding, finenefs and. drinef, not create. any 

confiderable trouble or pain, till by remaining in thofe places moifto 
with the humours of the body, fome cauftick part fticking on ne or 
refiding 
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refiding within them might be diffolv'd and mix'd with the ambjént diene 
of that place, and thereby thofe fibres and tender parts ad fener pe 
come affected, and as it were corroded by its whence, while that! actis 
onlafts, the pains created are pretty fharp and pungent, though fmall 
which is the eflential property of an itching one: : 
That the pain alfo caufed by the ftinging of a Fle, a Gnat; a Flic. 4 
Wafp, and the like, proceeds much from the vety fame caufe, I elfewhere 
in their proper places endeavour to. manifeft;. The ftinging alb of fhred 
Horf-hair, which in meriment is often ftrew'd between the theets ofa Bed 
feems to proceed from the fame caufe, 1 


; : 


Obferv. XXVII. Of tbe Beard of a wilde Oat, and the ufe shat 
may be made of it for exhibiting always to the Eye the temperature 
of the Air, as to drinef$ and moifture. 


THis Beard of a wild Oat, isa body of a very curious ftruéture,though . 


to the naked Eye it appears very flight, and inconfiderable, it being 
obly a fall black or brown Beard or Briftle;which grows out ofthe fide 
of the inner Husk that covers the Grain of a wild Oatsthe whole length of 
it,when put in Water, fo that it may extend it felf to its full length,is not 
above an Inch and a halfjandfor the moft part fomewhat fhorter,but when 
the Grain is ripe, and very dry, which is ufüaly in the Monethis of July, 
and Axguft, this Beard is bent fomewhat below the middle, naitiely about 
3 from the bottom of it, almoft to a right Angle, and the under part of 
it is wreath'd lik a With’; the fubftance of it is very brittle when dry, and 
it will very eafily be broken from the husk on whicliit grows; 

If you take one of thefe Grains, and wet the Beard in Water,you will 
prefently fee the {mall bended topto turn and move round, as if it were 
fentible: and by degrees, if it be continued wet enough, the joint or knee 
will ftreighten it felf; and if it be fuffer'd to dry again, it will by degrees 
move round another way, and at length bend again into its former 

ofture. 
3 Ifit be view'd with an ordinary fingle AMicrofcope, it will appeat like 
a finall wreath'd Sprig, with two clefts; and if wet as before, and: 
then look'd on with this Adicrofcope, it will appear to unwreath it felf, 
and by degrees,to ftreighten its knee, and the two clefts will become 
ftreight, and almoft on 3 ame fides of the fall cylindrical body. 

If it be continued to be look'd a little longer with a Zdicrofcope; it: 
will ‘within a little while begin to wreath it felf again, and foon after 
return to its former pofture, bending it felf again neer the middle, into 
a kind of ktiee or angle. 

Several of thofe bodies I examin'd with larger azicrofcopes, and there 
found them much of the make of thofe two long wreath'd cylinders de: 
lineated in the fecond Figure of the 15. Scheme, which two cylinders re- 
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prefent the wreathed part broken into two piecés,whereof the end ABis 
to be fupposd to have join'd to the end CD, fothat E A CF does repre, 
(ent the whole wreath'd part of the Beard, and EG à {mall piece of the 
upper part of the Beard which is beyond the knee; which as I had not 
room to infert, fo was it not very confiderable, either for its form,or any 
known property 5 butthe under or wreathed part is notable fer. both: 
Asto itsform, it appear d, if it were look'd on fide-ways, almoft likea 
Willow, orafmalltapering rod of Hazel, the lower or bigger half of 
which onely, is twifted round feveral times, in fome three, in others more, 
in others lefs, according to the bignefs and maturity of the Grain on 
which it grew, and according to the drinefs and moifture of the ambient 
Air, as I fhall fhew moreat large by and by. 
The whole outward Superficies of this Cylindrical body is curioufly 
adorned or fluted with little channels, and interjacent ridges, or little 
protuberances between them, which run the whole length of the Beard, 
and are ftreight where the Beard is not twifted,and wreath'd where itis, 
juft after the (ame manner : each of thofe fides is befét: pretty thick with 
fmall Britles or Thorns, fomewhat in form refembling that of Porcupines 
Quills, fuch as « 44.44 in the Figure 5 all whofe points are directed like 
fo many Turn-pikes towards the {mall end or top of the Beard, whichis 
the reafon, why, if you endeavour to draw the Beard between your fins 
gers the contrary way, you will find iit to ftick, and grate, as it were, 
againft the fkin. 
The proportion of thefe {mall conical bodies 42444 to that whereon - 
they grow, the Figure will fufficiently fhew, as alío their manner of grow» 
ing,their thicknefs, and neernefs to each other, as, that towards the root 
or bottom of the Beard, they are more thin, and much fhorter,infomuch 
that there is ufually left between the top of the-one, and the bottom of 
that next above it, more then the length of one of them, and that to- 
wards the top of the Beard they grow more thick and clofe (though 
there be fewer ridges) fo: that the root, and almoft half the upper aie 
hid by the tops of thofe next below them. E 
I could not perceive any £razverfé pores, unlefs the whole wreathd 
part were feparated and clett,in thofe little channels,by- the wreathingine 
to fo many little ftrings as there were ridges, which was very difficult to 
determine 5 but there were in the wreathed part: two- very. confpiguous 
channels or clefts, which. were continued from the bottom F toithe els 
bow EH, or all along the part which was wreath'd, which feemdtodh 
vide the wreath d Cylinder into two parts, a bigger and a lefs; the bigest 
was that which was at the.convex (ide of the knee, namely, on thefide A, 
and was.wreath'd by. OQOOOs this, as it feemid, the bsoadet, fo 
did it alo the Jonger, the. other PPP PP, which, was ufually puss 498 
wrinckled in the bending. of the knee,as about E; feem d both thesfhontes 
and narrower, fo that at firft I thought the wreathing and wnwreathing 
of the Beard might have been caus d by the fhrinking or {welling of that 
parts butu n farther examination,| found that the clefts, K K; LL,were 
ftuft up with a kind of Spongie fubftance, which, for the moft part, Wà* 
' very 
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Yery confpicuous necr the knee; as iri the cleft K Ky when t! 
dry 5 upon the difcovery of which; Ebc 
Welling of this porous pith upon the accefs 
Beard,being made longer ini the thidft,was fireighthed 
ing or fübfiding of the parts. of that Spóngie fübftanc 
the water or moiíture. was exhal'd-oi dried, 
growing fhorter, the Whole became twifted. 
But thisI cannot be pofitive in, forü 


ind orunthe long-ways. 
This Figure plainly enough fhews in what manner thofe clefts) K atid L 
divided the wreath'd Cylinder into two unequal parts, and alfo of what 
kind of {ubftance the whole body confifts; for by cutting the fame Beard 

aces, » | found much the fame aps 
pearance with this exprefs'd i. fo that thofe pores feein to run, asin moft 
other fueh Cany bodies, the whole yim of it. ] 


-. This fo oddly confütuted Vegetable fubftance, is firtt (that Ehave 
mét with) takennoticeofby Baptifia Porta, ix his Natural Magick ; asa 
&hing knows to children and Juglers, and it has beemcall'd by fome.of 
their cheat; the Legg of ari 
Arabian Spider, or the Lege of an ihchanted Eg yptiak Fly, and has/been 
ufed by them to make a {mall Index, Crofi, or the like, to move round 
— the. wetting of it witha drop of Water, and’ muttering cettain 
words, 1 

But the ufe that has been made of it; for the difcovery of the various 
conítitutions of the Air, as to diinefs ánd moiftnefs, is incomparably 
beyond any other 5 for this it does to admiration * The mdnner of con» 
triving it fo, as to perform this great efle&, is onely chus: | 

Providea good large Box of Ivory, about four-fnches over;'and of 
what depth you fhall judge convenient (according: to your intéhtion 
of making ufe of one, two,three,or more of thefe fmall Beards,ordered in 
the manner which I fhall by and by defcribe)let all-the fides of this Bow be 
turned of Bafket-work (which here in Lowdon is eafily enough procur d) 
full of holés,m the manner almott of à Lettice, the bigger, ot more the 
holes are;the better,that fo the Air may have the more free paífage to the 
inclofed Beard;and may the more eafily paísthrough the Inftrument 5 ir 
will be better yet,though not altogethéf fo handfom,if infteed of the Baf- 
ket-work on the fides of the Box,the bottom and top of the Box be joinid 
together onely with.three-ov four fall Pillars, after the mangex - 
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fented inthe 4.Figure of the 15- Scheme. Orjif youintend to make ufe of 
many of thefe {mall Beards joind together, you may have a fall long 
Cafe of Ivory, whofe fides are turn’d of Bafket-work, full of holes, which 
may be ferew'd onto the underfide of a broad Plate of Ivory,on the other 
fide of which is to be made the divided Ring or Circle, to which divifi- 
ons the pointing of the Hand or Index, which is moved by the conjoind 
Beard, may fhew all the 44izufe variations of the Air. | 
There may be multitudes of other ways for contriving this fmall Inftru- 
ment, foas to produce this effect, which any one may, according to his 
peculiar ufe, and the exigency of his prefent occafion, eafily enough con« 
triveand take, on whichl (hall not therefore infift. The whole manner of 
making any one of them isthus: Having your Box or frame A ABB, fitly 
adapted for the free paffage of the Air through it,in the midft ofthebots — 
tom BBB, you mufthave a very {mall hole C, into which the lower end of 
the Beard is to be fixd,the upper end of which Beard a b.isto pafs through 
a (mall hole of a Plate, ortop A A, if you make ufe onely of a fingle one, 
and onthe top ofit e, is to be fix'd a {mall and very light Index fg, made 
of a very thin fliver of a Reed or Cane 5 but if you make ufe of two or 
more Beards, they mutt be fix'd and bound together, either with a very 
fine piece of Silk, or with a very {mall touch of hard Wax, or Glew, which 
is better,and the Index fg, isto be fix d on the top of the fecond,third, 
or fourth in the fame manner as onthe fingle one. 

Now; becaufe that in every of thefe contrivances, the Index fg, will 
with fome temperatures of Air, move two, three, or more timesround, 
which without fome other contrivance. then this,will be difficult to diftin- 

ifh.thercfore I thought of this Expedient: The Izdex or Hand f s, be- 
ing raisd a pretty way above the furface of the Plate A A, fix in ata 
little diftance from the middleof ita fmall Pin b, foasalmoft to touch 
the furface of the Plate AA, and then in any convenient place of the 
furface of the Plate, fix a fmall Pin, on which put on a {mall piece of Paper, 
or thin Paft-board, Vellom, or Parchment, made of a convenient cize, 
and fhap’d in the manner of that in the Figure exprefs'd by #4, fo 
that having a convenient number of teeth every turn or retur ofthe 
Pin b, may move this fmmall indented Circle, a tooth forward or back- 
wards, by which means the teeth of the Circle, being mark’d, it will be 
thereby very eafie to know certainly, how much variation any change 
of weather will make upon the {mall wreath'd body. In the making of 
this Secundary Circle of Vellom, or the like, great care is to be had, that 
it be made exceeding light, and to move very eafily, for otherwifea {mall 
variation willfpoil the whole operation. The Box may be made of Brafs, 
Silver, Iron, or any other fübítance, if care be taken to make it open 
enough, to let the Air have a fufficiently free accefs to the Beard. The 
Index alfo may be various ways contrived, fo as to fhew both the number 
ofthe revolutions it makes, and the A4imute divifions of each revolution. 

I have made feveral trials and Inftruments for difcovering the drinels 
and moifture of the Air with this little wreath’d body,and find it to vary 


exceeding fenfibly with the leaft change in the conftitution of the Air, as 
to 
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to drinefs and moifture, fo that with one breathing upon it, I have made 
it untwift a whole bout, and the Index or Hand has fhew'd or pointed to 
various divifions on the upper Face or Ring of the Inftrument, acco 
as it was carried neerer and. neerer to the fire, or as the heat of th 
increafed upon it. 

Other trials have made with Gut-ftrings,but find them nothiiig neer 
fo fenfible, though they alfo may be fo contriv’d as-to exhibit the 
changes of the Air, as to drinefs and moifture, both by their ftretching 
and fbrinking in length, and alfo by their wreathing and unwreathing 
themíelves 5 but thefe are nothing neer fo exact or fo tender, for their va- 
rying property will in a little time change very much, But there are fe- 
veral other Vegetable fubftances that aré much more fenfible then even 
this Beard of a wilde Gat; fuch I have found the Beard ofthe feed of 
Muík-grafs, or Geranium mofchatum, and thofe of other kinds of Cranes: 
bil feeds, and the like. But always the fmaller the wreathing fubftance 
be, the more fenfible is it of the mutations of the Air, a conje&ure at 
the reafon of which I fhall by and by add. 

Thelower end of this wreath'd Cylinder being ftuck upright ina little 
foft Wax, fo that the bended part or Index of it lay berizeztal, I have 
cbferv'd it always with moifture to unwreath it {elf from the Eaft (For 
inftance)by the South to the Weft,and fo by the North to the Eaft again, 
moving with the Sun (as we commonly fay) and with heat and drouth 
to re-twift, and wreath it felf the contrary way, namely, from the Faft, 
(for inftance) by the North to the Weft,and fo onwards. - VISIO 

The caufe of all which Phenomena, feems to be the differing téxture 
ofthe parts ofthefe bodies, each ofthem (efpecially the Beard of a wilde 
Oat, and of Mosk-grafs feed ) feeming to have two kind of fub{tancesjone 
that is very porous. loofe,and {pongie,into which the Watry {teams of the 
Air may be very eafily forced which will be thereby fwell'd and extend- 
ed.in its dimenfions, juft as. we may obfetve all kind of Vegetable fub- 
{tance upon fteeping in water to fwell and grow bigger and longer. And a 
fecond that is more hard and clofejinto which the water can very littleor 
not at all penetrate, this therefore retaining always very neer the fame 
dimenfions, and the other. ftretching and fhrinking, according as there 
is more or lefs moifture or water in its pores, by reaíon of the make and 
fhape of the parts, the whole body muft neceflarily unwreath and 
wreath it felf. | 

And upon this Principle, it is very eafie to make feveral forts of cons 
trivances that fhould thus wreath and unwreath themfelves, either by 


rding 


e Sun 


heat and cold, or by drinefs and moifture, or by any greater or lefs force; 


from whatever caufe it proceed, whether from gravity or weight, or 
from wind which is motion of the Air, or from fome fpringing body, 
or the like. : à e 
This, had Itime, I fhould enlarge much more upon; for it feems to me 
to be the very firft footítep of Senfation, and Animate motion, the moft 
plain.fimple;and obvious contrivance that Nature has made ufe of to pro- 
duce a motion, next to that of Rarefaétion and Condenfation by p 
an 
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dnd cold. And were this Principle very well examin d, I am very apt to 
think, it would afford us a very great help to find out the Mechanifn 
of the Muícles, which indeed,as farr as 1 have hitherto been able to exe 
amine, feems to me not fo very perplex as one might imagine,efpecially 
upon the examination which I made of the Mul cles of Crabs Lob ers,and 
feveral forts of large Shell-fifh;and comparing my Obfervations on them, 
with the circumftances I obferv'd in the mulcles of terreftrial Animals, 

Now, as in this Inftance of the Beard of a wilde Oat, we lee thereis 
nothing elfe requifite to make it wreath and unwreath it felf, and to 
ftreighten and «end its knee, then onely a little breath of moift or dry 
Air. or a {mall atome almoft of water or liquor, and a little heat to make 
it again evaporate s for, by holding this Beard, placd and fixd asIbes — . 
fore directed, heer à Fire, and dipping the tip of a fmallfhredofPaper — 
in well rectify'd fpirit of Wine, and then touching the wreathd Gli — 
drical part,you may perceive it to untwift it felf; and prefently againup: — ^ 
On the avolation of the fpirit, by the great heat, it will re-twift itf, — 
and thus will it move forward and backwards as oft as you repeat the 
touching it with the fpirit of Wine 5 fo may, perhaps, the fhrinking and 
relaxing of the mufcles be by the influx and evaporation of fome kind .— 
of liquor or juice: But of thisEnquiry I fhall add more elfewhere. 


-—————— 


Obferv. XXVIII. Of the Seeds of Venus looking-8laf$, or Corn. 
Viola. 


om the Leaves, and Downs, and Beards of Plants,we come atlaftto — 
i ‘ the Seeds sand here indeed feems to be the Cabinet of Nature, where 
in are laid up its Jewels. The providence of Nature about Vepetablesjisin 
nó part manife(ted more,then in the various contrivances about the feed 
nor ihdeed is therein any part of the Vegetable fo curious carvings, à 
beautifull adornments, as about the feed 5 this in the larger forts of feeds 
ismoftevideritto the eye; nor is it lefs manifeft through the Aserefcape, 
inthofe feeds whofe thape and ftructure, by reafon of their fmalnefs, the 
eye is hardly able to diftinguith. r 
Of thefe there are multitudes, many of which I have obferv'd through 
a Microfcope, and find, that they do, for the moft part, everyone affon 
exceeding pleafant and beautifull objects. For befides thofe that have 
various kinds of carv d fürfaces, there are other that have finooth and 
perfe&ly polifh'd farfaces, others a downy hairy furfaces fome Wt — 
cover'd onely with a tkin, others with a kind offhell, others with bod 
as is obfervable alfo in greater feeds. E 
Of thefe feedsI have onely defcribed four forts which may ferveas. 1 
Specimen of whatthe inquifitive obfervers are likely xo find among the 
fé: The firlt of thefe feeds which are deloribed in the 17. Scheme, ate — 
thot of Corn-Violets, the feed is very ftnall, black, and thining, and,t0 
the ‘hakedieye, looks almoft like a very finall Fleas But throughthe 
Microfeope 
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Mic rofcope, it appearsa large body, cover'd with a tough thick and bright 
reflecting {kin very irregularly fhrunk and pitted, infomuch that it isa]: 
moft an impoflibility to find two of them wrinkled alike, fo great a vas 
ricty may there be even in this little feed, 

This, though it appear'd one of the moft promifing feeds for beauty to 
the naked eye,yet through the Microfeope it appear'd buta rude mifhapen 
feed, which therefore drew, that I might thereby manifeft how unable 
we are by the naked eye to judge of beauteous or le curious zzicrofcopi- 
cal Objecis s cutting fome of them in funder, I obferv'd them to be fill'd 
witha greenith yellow pulp, and tó have a very thick huik, in propor- 
tion to the pulp. 


Obferv. XXIX. Of the Seeds of Tyme. 


HU pretty fruits here reprefented, in the 18. Scheme, are nothing 
elfe,but nine feveral feeds of Tyme ; they are all of them in differ- 
ing pofture,both as to the eye and the light; nor are they all of them ex 
actly of the fame fhape, there being a great variety both in the bulk and 
figure of each feed 5 but they all agreed in this,that being look’d on with 
a Microfcope, they each of them exactly refembled a Lemmon or Orange 
dry’d 5 and this both in fhape and colour. Some of theri are a little 
rounder, of the fhape of an Orange, as A and B, they have each of 
them a very confpicuous part by which they were joii'd to their little 
ftalk,and one of them had a little piece of ftalk remaining on 5 the oppo- 
fite fide of the feed, you may perceive very plainly by the Figure,is very 
copped and prominent, as is very ufual in Lemmons, which prominencies 
are expreísd in D, E and F. 

They feem'd each of them a little creas'd or wrinckled, but E was 
very confpicuoutly furrow d, asif the inward make of this feed had been 
fomewhat like that of a Lemmon alfo, but upon dividing feveral feeds 
With a very fharp Pen-knife, and examining them afterward, I found 
their make to be in nothing but bulk differing from that of Peas,that is,to 
havea pretty thick coat,and all the reft an indifferent white pulp, which 
Ícem'd very clofe ; fo that it feems Nature does not very much alter her 
method in the manner of inclofing and preferving the vital Principle iri 
the feed, in thefe very {mall grains, from that of Beans, Peas, e. 

The Grain affords a very pretty Object for the AZicrofcope, namely, a 
Difhof Lemmons plac'd in a very little room 5 fhould a Lemmon or Nat 
be proportionably magnify d to what this feed of Tyme is,it would make 
it appear as bigg asa large Hay-reek and it would be no great wonder to 
fee Homers Iliads, and Homer and all, cramm'd into fach a Nut-fhell. We 
. ‘May perceive even’ in thefe fmall Grains, as well ás in greater, how curi- 
ous and carefull Nature is in preferving the feminal principle of Vege- 


table bodies, in what delicate, {trong and moft convenient Cabinets the 
lays 
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lays them and clofes them in a pulp for their fafer protection from out: 
ward dangers, and for the fupply of convenient alimental juice, when 
the heat of the Sun begins to animate and ‘move thete little automatons 
or Engines; as if fhe would,from the ornaments wherewith fhe has deckt 
hib thefe Cabinets, hint to us, that in them fhe has laid up her Jewels 
ae | i and Mafter-pieces. And this, if we are but diligent in obferving, We 
| fhall find her method throughout. There is no curiofity in the Elemental 
kingdom, if I may (o call the bodies of Air, Water, Earth, that are eome 
: FY parable in form to thofe of Mineralss Air and Water having no format 
Ib Hi all, unlefs a potentiality to be form'd into Globuless and the clods and 
j an parcels of Earth are all irregular, whereas in Minerals fhe does begin to 
Geometrize, and prattife, as 'twere, the firít principles of Atechanicks, 
1 fhaping them of plain regular figures, as triangles, fquares, &c. and te- 
traedrons, cubes, c. But none of their forms are comparable to the 
more compounded onesof Vegetables; For here fhe goes a ftep further, 
Hi forming them both of more complicated fhapes, and adding alfo multi- 
U qn I tudes of curious Mechanick contrivances in their {tructure;for whereas in 
17] Vegetablesthere was no determinate number of the leaves or branches, 
4 nor no exactly certain figure of leaves, or flowers,or feeds, in Animals all 
thofe things are exactly defin'd and determin d 5 and where-ever there 
Í | is either an excefsor defect of thofe determinate parts or limbs,there has 
eA erat TEES been fome impediment that has fpoil'd the principle which was moft re- 
3 | ee gular: Here we fhall find, not onely moft curioufly compounded fhapes, 
| 


but moft ftupendious Mechanifms and contrivances, here the ornaments — 
are in the higheft perfection, nothing in all the Vegetable kingdom that — 
is comparable to the deckings of a Peacock ; nay,to the curiofity of any 


j 1 iE . feather, as elíewhere thew nor to that of the fmalleft and moft defpi- : 
ji cable Fly. But I muft not ftay on thefe fpeculations, though perhaps it. — 


were very well worth while for one that had leifure,to fee what Informa 
tion may be learn'd of the nature, or ufe,or virtues of bodies,by their feyer 
ral forms and various excellencies and properties. Who knows but Adam 
might from fome fuch contemplation, give names to all creatures? E23 
leaít his names had any fignificancy in them of the creature's nature o8 
eee which he impos d it; as many (upon what grounds I know not) have 
LE fupposd : And who knows,but the Creator may,in thofe characters,have 
"Bs written and engraven many of his moft myfterious defigns and counieis, 
| and given man a capacity, which, affifted with diligence and indulftry, 
may be able to read and underftand them. But not to multiply my di- 
greífion more then I can the time, I will proceed to the next, whichis, 
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, .Obferv, XXX. Of the Seeds of Poppy. 
Ma 


E He final feeds of Poppy, which are defcribed in the 19. Scheme, both 
-* for their fmalnefs, multiplicity and prettinefs, as alfo for their a@- — 
mirable foporifick quality, deferve to be taken notice of among h 
other 
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other aeicrofcopical feeds of Vegetables: For firft, though they grow ina 
Cafe or Hive oftentimes bigger then one of thefe Pictures of the zzicra- 
JSeopical appearance, yet are they for the moft part fo. very little, that they 

exceed not the bulk of a (mall Nitt,being not above $. part ofan Inch in 
Diameter, whereas the Diameter of the Hive of them oftentimes exceeds 
two Inches.fo that it iscapable of containing neertwo hundred thotifand 
and fo in all likelihood does contain à vaft quantity, though perhaps not 
thatnumber. Next, for their prettine®, they may bé conipar'd'toati 
wicrofcopical feed | have yet feens for they are-ófà dark brownith red 
colour; curioufly Honey-comb'd all over witha Very pretty variety of 
Net-work, or a finall kind of imbofiment of very orderly rais'd ridges 
the furface of them looking not unlike the infide of'a Beev's ftomack. But 
that which makes it moft confiderable of all, is, the medicinal virtues of 
it, Which are fuch as are not afforded ts by any Mineral preparation ; and 
that is for the procuring of fleep, a thing as neceflary to the well-being 
of a Creature as his meat, and that which refrefhes both the voluntary 
and rational faculties, which, whil ft this affection has feis'd the body,are 
for the tnoft part unmov'’d, and ac teft. And; methinks, Nature does 
fcer to hint fome very notable virtueor excellency in this Plant from the 
curiofity it has beftow'd uponit. Firft, in its flower; it is ofthe higheft 
{carlet-Dye, which isindeed the prime and chiefeft colour, and has been 
in all Ages of the world moft highly efteem'd : "Next, it hàsas much cu- 
riofity fhew'd alfo in the‘hufk or cafe of the feed, as any one Plant Ihave 
yet met withall 5 and thirdly, the very feeds themfelves, thé AMicrofcope 
difcovers to be vety curioully fliap'd bodies; and laftly, Nature Has 
taken fuch abundant care for the propagation of it, that one fingle feed 
grown into a Plant, is capable of bringing fome’hundred thoufands of 
feeds, . 
It wete very worthy fome able rnan's enquiry whether the intention of 
Nature, as to the fecundary end of Animal and Vegetable fubftances 
might not be found out by fome fach chara&ters and notable impreffions 
as thefe, or from divers other circumftances, as the figure, colour, place, 
time of flourifhing, fpringing and fading, duration, tafte, {mell, &. For 
if fuch there are (as an able Phyfician upon good grounds has given me 
caufe to believe) we might then, ibfteed " ftudying Herbals (where fo 
little is deliverd ofthe virtues of a Plant, and lefs of truth) have re- 
€ourfe to the Book of Nature it felf; and there find the moft natural, 
ufefull, and moft effeCtual and fpecifick Medicines, of which we have 
amongit Vegetables, two very noble Inftances to incourage füch a hope, 
the one of the efzite powder for the cure of istérmitting Feaversjand the 
other of the juice of Poppy for the curing the defect of fleeping. 
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Obferv. XXXI. Of Purflane-feed. 


He Seeds of Purflane feem of very notable fhapes, appearing through 

the Z4icrofcepe fhap d fomewhat like a zautilus or Porcelane fhell, as 
may be feen in the XX. Scheme, it being a {mall body, coyl'd round in 
the manner of a Spiral ; at the greater end whereof,which reprefents the 
mouth or orifice of the Shell, there is left a little white tranfparent füb- 
ftance, like a fkin, reprefented by BB B B, which feems to have been the 
place whereunto the ftem was join'd. The whole furface of this Coclea 
or Shell, is cover d over with abundance of little prominencies or buttons 
very orderly rang’d into Spiral rows, the fhape of each of which feem'd 
much to refemble a Wart upon a mans hand. The order, variety, and 
curiofity in the fhape of this little feed, makes it a very pleafant objet 
for the ZZicrofcope, one of them being cut afunder with a very fharp Pen- 
knife, difcover'd this carved Cafket to be of a brownifh red, and fome- 
what tranfparent fubftance, and manifefted the infide to be fill'd witha 
whitifh green fubftance or pulp, the Bed wherein the feminal principle 
lies invelop'd. 

There are multitudes of other feeds which in fhape reprefent or imi- 
tate the forms of divers other forts of Shells: as the feed of Scuryy- 
grafs, very much refembles the make of a Concha Venerea,a kind of Purce- 
lane Sheil ; others reprefent feveral forts of larger fruits, fweat Marje- 
rome and Pot-marjerome reprefent Olives. Carret feeds are like a cleft 
of a Coco-Nut Hufk; others are like Artificial things, as Succory feeds 
are like a Quiver full of Arrows, the feeds of Amaranthus are of anex- 
ceeding lovely fhape, fomewhat like an Eye: The fkin of the black, and 
fhrivled feeds of Onyons and Leeks,are all over knobbed like a Seals fkin. 
Sorrel hasa pretty black thining three-fquare feed, which is picked at both 
ends with three ridges, that are bent the whole length of it. It wereal- 
moft endlefs to on up the feveral fhapes,they are fo many and fo va- 
rious ; Leaving them therefore to the curious obferver, I íhall proceed to 
theObfervations on the parts of Animals. 


the texture of the (kin. 


a et fome of the Hairs of my Head with a very good AGerofcape, 
I took notice of thefe particulars: 

1. That they were, for the moft part, Cylindrical, fome of them were . 
fomewhat Pr7matical,but generally they were veryneer round, fuch as are 
reprefented in the fecond dev of the 5.Scheme,by the Cylinders EEE. 
nor could find any that had fharp angules. 


2. That 
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2. That that part which was next the top, was bigger then that which 
Was neerer the root, I 


3. That they were all along from end to end tranfparent, though not 


4. That the root of the Hairs were pretty finooth, taperin inwards 
almoft like a Parfneb; nor could 1 find shat i had any flab or any 
other veflels, fuch as the fibres of Plants. : 

5. That the top when fplit (which i; common in long Hair) appear’ 
like the end ofa ftick, beaten til[ it be al] flitter d, them esce 
two fplinters, but fometimes half a fcore and more, 

6. That they were all, as farr as I was able to find, ‘folid Cylindrical 
bodies, not pervious, like a Cane or Bulrufhs nor could I find that they 
had any Pith, or diftin¢tion of Rind, or the like, füch as Thad obfery’d in 
Horfe-hairs, the Briftles of a Cat, the Indian Deer's Hair, ec, 


Übfervations on feveral other Sorts of Hair. 


For the Brifles of a Hogg, I found them to be firft à hatd tranfpatent 
horny fubftance, without the leaft appearance of potes or holes init ; and 
this I try'd with the greateft care I was able, cutting many of them with 4 
very fharp Razor, fo that they appear'd, evenin the Glafs, to have a pret 
ty fmooth furface, but fomewhat waved by the fawing to and fro of thé 
Razor, as is vifible in the end of the Prifzzatical body A of the fame 
Figure; and then making trials with caufing the light to be caft on thet 
all the various ways I could think of, that was likely to make the pores 
appear, if there had beenany, I was not able to difcover any. 

Next, the Figure of the Brifles was very various, neither perfedly 
round, nor fharp edg'd; but Prifmatical, with divers fides, and round 
angles, as appears in the Ege A.. The bending of them in any part 
where they before appear' cleer, would all flaw them, and make theni 
look white. 

The Muftacheos ofa Cat (part of one of which is reprefented by the 
fhort Cylinder B of the fame F igure) feem'd to have, all of them that I ob: 
ferv'd,a large pith in the middle, like the pith of an Elder, whofe texture 
was foclofe, that I was not able to difcover the leaft fign of pores; and 
thofe parts which feem to be pores,as they appear'd in one pofition to the 
light, inanotherI could find a manifcft reflectiom to be caft from them. 

This] inftance in,to hint that it is not (afe to conclude any thing to be 
pofitively this or that, though it appear never fo plain and likely when 
Jook'd on with a 2zicrofeope inone pofture, before thefame be examin'd 

by placing it in feveral other pofitions, 

.. And this Itake to be the reafon why many have believed and aflerted 
the Hairs of a man’s head to be hollow, and like fo rhany {mall pipes per- 
forated from end to end. 

Now, though I grant.that by an Analogie one may füppofe thet D 

an 
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and from the Polexiax difeafe one may believe them fuch, yet I think we 
have not the leaft encouragement to cither from the 24&crafcope, much lefs 
hé very eflence of the Plica 


pofitively to affert them fuch. And perhaps t i 
Polonica may. be the hairs growing hollow, and of an. unnatural con- 
{titution. 
And as for the Analogie, though I am apt enough to think that the hairs 
of feveral Animals may be perforated fomewhat like a Cane, ot at leaft 
have a kind of pith in them, firft, becaufe they (eem as twere a kind of Ve- 
getable growing on an Animal, which growing,they fay, remains a long 
while after the Animal is dead, and therefore (hould like other Vege- 
tables havea pith 5 and fecondly, becaufe Horns and Feathers, and Por 
cupine s Quils, and Cats Brifles, and the long hairs of Horfes,which come 
very neer tlie nature ofa mans hair.feem all of them to have a kind of pith, 
and fome of them to be porous,yet I think it not (in thefe cafes,where we 
have füch helps for the fenfe as the adicrofcope affords) fafe concluding 
or building on more then we fenfibly know, fince we may,with exami+ 
ning, find that Nature does in the make of the fame kind of fubftance, 
"ELI : often vary her method ia framing of it > Inftances enough to confirm this 
ee at we may find in the Horns of feveral creatures: as what a vaft difference 
B E is there between the Horris of an Oxe, and thofe of fome forts of Staggs 
es SS as to theirfhape? andéven in the hairs of feveral creatures, we find à 
b | | as 10 lHovenees asthe hair of a man's liead feems, as I faid before, long 


and Cylindrical and (ometime a little Prifmatical, folid or impervious, and 
POR very {mall ; the hait of an Indian Deer (a part of the middle of which is 
"i. deiiribedin the third Figure of the fifth Scheme, marked with F) isbig- 

ger in cof hrough all the middle of it,then the Brifle of an Hogg, but 
theend of it is {mallet then the hair of any kind of Animal (as may be 
feen by the Figure G) the whole belly of it; which is about two orthree 
Inches long, looks to the eye likea thread of courfe Canváfs, that has 
been newly unwreath d, it being all wav'd or bended to and fro, much 
* after that manner, but through the Microfcope, it appears all perforated 
LES | from fide to fide,and Spongie, like a {mall kind of fpongy Coral, whichis 
TO ah often found upon the Exgli/h fhores ; but though I cut it tranfverfly, 1 
: i could not perceive that it had any pores that ran the long-way:óf the 
| hair: the long haitsof Horfes CC and D, feem Cylindrical and fomewhat 


3994 ql pithy ; the Brillesof a Cat B, are conical and pithy: the Quils of Por- 
ea a cupines and Hedghoggs, being cut tranfverlly, have a whitifh pith, inthe 
manner of a Starr,or Spur-rowel : Piggs-hair (A) is fomewhat traagonal, 
and feems tohave neither pith nor pore: And other kinds of hair have 
quite a differing ftrudture and form. And therefore T think it mo way 
agreeableto a true natural Hiftorian, to pretend to be fo fharp-figh 

as to fee what a pre-conceiv d Aypothefs tells them fhould be there.where 

another man, though perhaps as feeing, but not foreftall’d, can diftover 

re tie hofuch matter. 

Peale But toproceed; 1 obferv'd feveral kind of hairs that had beenDyed, 
at . . andfound them to be a kind of horny Cylinder, bemng:of much about the 
uU tran{parency of a.pretty cleer pieceof Oxe horn thefe appear Rc 

through- 
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throughout"ting'd with the colours they exhibited. And iis like]y,that 
thofe hairs being boyl'd or fteep'd in thofe very hot ting'd liquors in the 
Dye-fat, And the (übftance of the hair being much like that of an Oxes 
Horn, the penetrant liquor does fo far ollifie and fofteh the fubftance, 
that it finks into the very center of it, and fo the ting'd parts come to be 
mix d and united with the very body of the hair,and do not (as fonje have 
thought) only flick on upon the outward furface. And this,the boiling of 
Horn will make more probable; for we fhall find by that actin, that the 
water will infinuate it felf to a pretty depth within rhe fürface of ic, 
efpecially ifthis penetrancy of the water be much helped by the Salts 
that are ufually mix'd with the Dying liquors. Now, whereas Silk may 
be dyed or ting d intoall kind of colours without boiling or dipping ins 
to hot liquors, I ghefs the reafon to be two-fold : Firft, becaufe the fila- 
ments, or {mall cylinders of Silk, are abundantly fmaller and finer, and fo 
have a much lefs depth to be penetrated then moft kind of hairs 5. and 
next, becaufe the fübftanee or matter of Silk, is much more like a Glew 
then the fubftance of Hair is. And that I have reafon to fuppofe : 
Firft, becaufe when it is {pun or drawn out of the Worm, it js a perfect 
glutinous fübftance, and very eafily fticks and cleaves to any adjacent 
body, as I have feyeral times obferved, both in Silk-worms and Spiders; 
Next, becaufe that I find that water does eafily diflolve and mollifie the 
fubftance again, which is evident from their manner of ordering thofe 
bottoms or pods of the Silk-worm before they are able to unwind them, It 
is no great wonder therefore, if thofeLDyes or ting d liquors do very quick- 
ly mollifie and tinge the furfaces of fo fmall and {o glutinous a body. 
And we need not wonder that the colours appear fo lovely in the one, 
and fo dull in the other, if we view but the ting d cylinders of both 
kinds with a good AGerofcepe ; for whereas the fub{tance of Hair,at befi Lis 
but a dirty dufkifb white fomewhat tranfparent, the filaments of Silk have 
a moft lovely tranfparency and cleernefs, the difference between thofe 
two being not much lefs then that betweena piece of Horn, and a piece 
of Cryftal; the one yielding a bright and vivid reflection from the con- 
fave fide of the cylinder, that is, from the concave furface of the Air 
that incompafles the back-part of the cylinder 5 the other yielding a dull 
and perturb'd reflection from the feyeral Heterogeneous parts that com- 
pofe it. And this difference will be manifeft enough to the eye,if you geta 
couple of {mall Cylinders, the fmaller of Cryftal Glafs,the other of Horn; 
and then varnifhing them over yery thinly with fometran{parent colour, 
which will reprefent to the naked eye much the fame kind of object which 
isreprefented to it from the filaments of Silk and Hair by the help of the 
Microfcope. Now, fince the threads of Silk and Serge are made up of a 
great number of thefe filaments, we may henceforth ceafe to wonder at 
the difference, From much the fame reafon proceeds the vivid and love- 
ly colours of Feathers, wherein they very farr exceed the natural as well 
as Artificial colours of hair,of which J thall{ay more in its proper place. 
The Teguments indeed of creatures are all of them adapted to the pe: 
culiar ufe and convenience of that Animal which they inwrap; and very 
muc 
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much alfo for the ornament 5 
any onethat fhall attentively confider the various 
wherewith moft creatures a 
have obferved, that the hair or furr 


inhabite the colder Regi 
I obferv'd of the hair of a Greenland Deer, 
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and beauty of it, as will be moft évident to 
kinds of cloathings 
re by Nature invefted and coverd. Thus] 
of thofe Northern white Bears that 
ons, is exeeeding thick and warm : the like have 
which being brought alive to 


London. had the opportunity of viewing 5 its hair was fo exceeding thick, 
long and foft, that I could hardly with my hand, grafp or take hold of 
his fkin, and it feem d fo exceeding warm, as I had never met with any 
before. And as for the ornamentative ufe of them, it is moft evident ina 
multitude of creatures,not onely for colour, as the Leopards, Cats,Rhein 
Deer, Cc. but for the fhape, as in Horfes manes, Cats beards,and feveral 
other ofthe greater fort of terreftrial Animals, but is much more confpi- 
cuous, in the Veftments of Fifhes, Birds, Infects, of which I fhall by and 
by give fome Inftances. 

Asfor the fkin, the Adicrofcope difcovers as great a difference between 
the texture of thofe feveral kinds of Animals, as it does between their 
hairs; but all that [ have yet taken notice of, when tann'd or dref$d, are 
of a Spongie nature, and (cem to be conftituted of an infinite company 
of {mall long fibres or hairs, which look not unlike a heap of Tow or 
Okum ; every of which fibres (cem tó have been fome part ofa Mufcle, 
and probably, whil {tithe Animal was alive, might have its diftin& fundi- 
on, and ferve for the contraction and relaxation of the fkin, and forthe 
ftretching and fhrinking of it this or that way. 

And indeed, without fuch a kind of texture as this, which is very like 
that of spunk, it would feem very ftrange, how any body fo ftrong as the 
{kin ofan Animal ufually is, and fo clofe as it feems, whil ft the Animal is 
living, fhould be able to faffer fo great an extenfion any ways, without at 
all hurting or dilacerating any part of it. But,fince we are inform'd bythe 
Microfcope, that it confifts of a great many fmall filaments, which are im- 
plicated, or intangled one within another, almoft no otherwife then the 
hairsin a lock of Wool, or the flakesin a heap of Tow, though not alto- 

gether fo loofe ; but the filaments are here and there twifted,as twere,or 
interwoven,and here and there they join and unite with one another, foas 
indeed the whole fkin feems to be but one piece,we need not much won- 
der:And though thefe fibres appear not through aAdicrofcope,exa&ly joint- 


ed and contex das in Sponge 5 yet,as I formerly hinted, I am apt to think, | 


that could we find fome way of difcovering the texture of it, whil ft it in- 
vefts the living Animal,or had fome very eafie way of feparating the pulp 
or intercurrent juices, fuch as in all probability fill thofe Interftitia, with- 


out dilacerating, brufing, or otherwife fpoiling the texture of it (as it 


feems to be very much by the ways of tanning and dreffing now usd) we 
et difcover a much more curious texture then [have hitherto been 
able to find ; perhaps fomewhat like that of Sponges. 

That of Cbazzoife Leather is indeed very much like that of Spunk, fave 
onely that the filaments feem nothing neer fo even and round, nor alto- 


gether fo fmall, nor has it fo curious joints as Spu#k has, fome of whichl 
have 


MicROGRAPHtA, 


have lately difcover'd like thofe of a Sponge, and perhaps all thefe three 

:. ge, z aps all thefe three 
bodies may be of the fame kind offubftance, | though two of them indeed 
are commonly accounted Vegetable C which, whether they be fo of 


they undergo a tanning or dreffing, Whereby the interfpers'd juices are 
waited and wafh'd away before the texture of themcan be difcover'd. 
What their way isof drefling, or curing Sponges, I confefs; I cannot 
learns but the way of drefling spunk, is, by boiling it a good while in à 
ftrong Lixivium, and then beating it very well; and the manner of dre(- 


5 


of thofe parts, by the help of a good Microfcope, might be moft accu- 


drefling,that there arean infinit of pores that every way pierceit,and that 
thofe pores are onely fill'd with fome kind of juice, or fome very pulpy 
foft fübftance, and thereby the fteams may almoft as eafily find a Paflage 


Nor is the fkin of animals on! y thus pervious, but even thofe of vegetables 
alto feem to be the famesfor otherwife I cannot conceive why, iftwo fprigs 
of Rofemary (for Inftance) be taken as exactly alike in all particulars as 
can be, and the one be fet with the bottom in a Glafs of water, and the 
other be fet juft without the Glaf;but in the Air onely, though you ftop 
the lower end of that in the Air very carefully with Wax, yet fhall it 
prefently almoft wither, whereas the other that feems to have a fupply 
from the fubjacent’ water by its (mall pipes, or microfcopical pores, pre- 
ferves its greennef for many days, and fometimes weeks, 

Now, thisto me, feems not likel y to proceed from any other caufethen 
the avolation of the juice through the fkin; for by the Wax, all thofe other 
poresofthe {tem are very firmly and clofely (top'd up. And from the more 
orlefs poroufnefs of the fkins orrinds of Vegetables may; perhaps, be 
fomewhat of the reafon given, why they keep longer green, or fooner wi- 
ther; for we may obferve by the bladdering and craking ofthe leaves of 
Bays, Holly, Laurel, &?«. that their fkins are very clofe, and do not fuffer 
fo free a paflage through them of the included juices, 

But of this, and of the Experiment of the Rofemary, I thall elfewhere 
more fully confider,it feerning to me an extreme luciferous Experiment, 
füch as feems indeed very plainly to "2 the Schematifiz or E 
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of Vegetables altogether mechanical, and as neceflary, that (water and 
warmth being apply to the bottom of the fprig of a Plant) fome of it 
fhould be carried upwards into the ftem, and thence diftributed into the 
leaves, as that the water ofthe Thames covering the bottom of the Mills 
at the Bridge foot of London, and by the ebbing aud flowing of it, paf- 
fling ftrongly by them, fhould have fome part of it convey d to the 
Cefterns above,and thence into feveral houfes and Cefterns up and down 


the City. 


MEN ONSE 


Obferv, XXXIII, Of the Scales of a Soal, and other Fifpes. 


Aving hinted fomewhat of the fkin and covering of terreftrial Anis 
mals, I fhall next add an ObfervationI made on the fkin and Scales 
of a Soal, a {mall Fifh, commonly enough known 5 and here in Fifhes, as 
well as other Animals, Nature follows its ufual method, framing all parts 
fo, as that they are both ufefull and ornamental in all its compofures, 
mingling ###le and dulce together ; and both thefe defigns it feems to 
follow,though our unafliíte fenfes are not able to peceive them : Thisis 
not onely manifeft in the covering of this Fiíh only, but in multitudesof 
others,which it would be too long to enumerate, witnefs particularly that 
(mall Sand Shell, which I mention d in the X I. Obfervation, and infinite 
other fmall Shells and Scales, divers of which I have view d. ThisfkinI 
view'd, was flead from a prettylarge Seal, and then expanded and dry, 
the infide of it, when dry, to the naked eye, look d very like a piece of 
Canvafs,but the Aicrofcope difcover d that texture to be nothing elfe)but 
the inner ends of thofe curious Scolop d Scales I, I, T, in the fecond Figure 
of the X X I. Scheme, namely, the part of GGGG (ofthe larger reptee 
(entation of a fingle Scale, in the fuft Figure of the fame Scheme) Es 
on the back fide, through an ordinary fingle Magnifying Olafs, lookd 
not unlike the Tyles on an houfe. er an 
The outfide of it, to the naked eye, exhibited nothing more of ornas 
ment, fave the ufual order of ranging the Scales into a triagonal form, 
onely the edges feem d a little to hine, the finger being rubb d fromthe 
tail-wards towards the head, the Scales fcem'd to ftay and raze its Bat 
through an ordinaly Magnifying glafs, it exhibited a moft curio 
carved and adorned furface, {uch as is vifible in the fecond Figure, each 
of thofe (formerly almoft imperceptible) Scales appearing much of the 
fhape I, LI, that is, they were round, and protuberant, and fomewhat 
fhap d like a Scolop, the whole Scale being creas d with curiouíly way" 
and indented ridges, with proportionable furrows betweenseach of whi 
wasterminated with a very fharp tranfparent bony fub{tance,which,like 
fo many fmall Turnpikes, feem'd to arm the edges. 
The back part KKK was the fkin into which each of thefe Scales 
were very deeply fix:d, in the curious regular order, vifible in the fecond 
Figure. 
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Figure; The length and fhape of the; part; of the Scale which! was buried 
by the fkinjis evidenced by the firft-Fzeures which: is the repreféntationof 
oneof them pluck'd out and view d:through;a good Arerofeopes namely; 
the part LE. G GEL, whetein is alfo more plainly-to be dcn, the tlimés 
of carving ofthe {cclopt part of every particular Scale,how each ridge on 
bart E EE is alternately. hollowed or cngravehs and how eyéry gutter 
between therh.ás.-terminated. with very itran{paréntiand; hard Pointed: 
fpikes,:and how every other of thefc,.as-A AJA A are much longer then 
the intet jacent. ónes, D D D. T Bs | 
o The, texture or: form alfo of thé hidden part:ac ears. ai HM "dir 
middle part, G.G G,. feems to. confift.of a wer Wiese Vos der 
or ;pipes, by which, pethaps, the whole may be-hourifhed 3 sand the fide: 
parts| FF .confift of :a.more fibrous texture; though indeéd-the whole 
Scale, fcem'dto be of a very tough gri(ly fubftange,like the JargerScales 
of other Fithes, 
Ehe Scales of thestkin of a Dog-fifh. which isusid by. fuchassvork in 
Wood, for the Ímoothing of their work,and confilts plainly enougli tothe. 
naked eye.of a greatnumber offmallhorny points)tbroupli aed iorofcope 
appear'd each of them curiouf ly ridg'd,, and.very! neatl y carved sand in 
dced, you can hardly look on the feales of any. Fifh;; but you may diftover. 
abundance of curiofity and bea utifying: and not ouly,inthefe Fiilies;büt iir 
the (hells and crufts or armour of molt forts of Marine Animals{o invefted,: 


f15 


| Obferv; X X X1 V, Of the Sting of a. Bee. | 


^ neis Sting of a Béej'delineáted'the fecond E. igure of the XVI;scbeme; 
A-feems: to bea weapon of offence;;and  isias-great-an Inftance; that 
Naturendid realy intend revenge as any andithat.-firft; becaüife therd 
Ícems to be no other ufe of it. Secondl y by reafon Of itsàdmirahle (hape, 
fecrhib to: be purpofely fhap'd for-that very erid;^Thirdly,from thewis 
ruléncy of the liquor it éje&ts; and the fad effetts'and fymptoms that fol« 
low its) | | | wood seca .b'ieb1 i3iloq 

3i But whatever bethe üfe of it;certain it is;thabthe firüctureofitis very 
adriirable 3 what tt appears to thé naked eye) oIoneedonor: défcribe;the 
thing being known almoft to every one;but it appearsithrough the 22/ero3 
feepe, to:confift'of two parts, thé onea fheath; without a chape:or top, 
aoe almoft like ithe Holfter-of a Piftol, beginning at»; anc ending 
at;ósthis fheath I could moft plainly :perceive:-t0 be'hollów; and to cona 


tainin it;both a Sword or Dart, and the poiíónous:lighorthat caufes the 
pain. Ehe theath or.cafe feet d tohave feveral joints or fettinystogether} 
tmarked by fg bik 19 no, it was árm'd moredverneer the top, with fe- 
eral crooks or,forks ( p 4r/ t) onone fide; andi¢ p qir ftw) omthe other; 
cach of which fcenvd like fo many Thorns growing oma briat; oi rather 
Tike fo many Cat's Claws;. for the crooksthemfelves feem'd tobe little 
fharp tranfparent points or claws, growing - of little protuberancies *- 

(tz 2 the 
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the fide of the fheath, which, by obferving the Figure diligently, is eafie 
enoughto be perceiv d ; and from feveral particulars, I fuppofe the Ani- 
mal has a power of difplaying them, and fhutting them in again as it 
pleafes, as a Cat does its claws, or as an Adder or Viper can its teeth 
or fangs. ^. 
The other part of the Sting was the Sword, as | may fo call it, which 
+ {heath d, as it were,in it, the top ofwhich 2b appears quite through at 
the fmaller end, juft as if the chape of the fheath ofa Sword were loft, 
and the end of it appear d beyon the Scabbard ; the end of this Dart(4) 
was very fharp, and it was arm’d likewife with the like Tenterhooks or 
claws with thofe of the fheath, fuchas (vxy, xy 22) thefe crooks, fam 
very apt to think, can be closd up alfo, or laid flat tothe fides of the 
Sword when it is drawn into the Scabbard,as I have feveral times obferv'd 
it to be; and can be fpred again or extended when ever the Animal 
pleafes. E 
The confideration of which very pretty ftructure,has hinted to me,that 
certainly the ufe of thefe claws feems to be very confiderable, as tothe 
main end of this Inftrument, for the drawing in, and holding the fting in 
the flefh ; for the point being very fharp, the top of the Sting or Dagger 
(ab) is very eafily thruft into an Animal's body,which being once entred, 
the Bee; by endeavouring to pull it into the fheath, draws (by reafon of. 
the crooks (vx y) and (xy2%) which lay hold of the fkin on either 
fide) the top of the fheath (# fr v ) into the fkin after it, and the crooks 
i,s, and ;v, being entred, when the Bee endeavours to thruft out the 
top of the fting out of the fheath again, they lay hold of the {kin on ei- 
ther fide, and fo not onely keep the fheath from fliding back, but helps 
the top inwards, and thus, by an alternate and fücceflive retracting and 
emitting of theSting in and out of the fheath, the little enraged creature 
by degrees makes hisrevengfull weapon pierce the tougheft and thickeft 
Hides of his enemies, in:ío much that fome few of thefe ftout and: refo- 
lute foldiers with thefe little engines, do often put to flight a huge mafty 
Bear, one of their deadly enemies, and thereby fhew the world how 
much rnore confiderable in Warr a. few fkilfull Engineers and. refolute 
foldiers politickly order'd, that know how to manage füch engines, are; 
then a vaft unweildy rude force, that confides in, and atts onely by, its 
ftrength., But. (to proceed) that he thus gets in his Sting into the fki 
Icon jedure, becaüuífe, when I have :obferv d this creature living, I have 
found it to move the Sting thus, to and fro, and thereby alfo, perhaps, 
does; as; 'twere;. pump or force out the poifonous liquor, and make it 
hang at the end of the fheath about 4: in a drop. The crooks; I pofe 
alfo to be the caufe why thefe angry creatures, haftily removing » 
felves from their revenge, do often leave thefe Weapons behind them, 
fheath:d, as ‘twere,:in the flefh, and, by that means, caufe the i 
fymptoms to begreater,and more lafting; which are very probably cau d, 
mes by the piercing and tearing of the fkin by the Sung, but eue 
y the: corróftve and. poifonous liquor that isby this Syringe-pipe con 
vey d.among the fenfitive parts thereof and thereby more eafily gna 
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and corrodes thofe tender fibres : As I have fhewed in the defcription 
of a Nettle and of Cowhage. 
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and corrodes thofe tender fibres: As I have fhewed in the defcripti 
of a Nettle and of wr Fa d0::00 WE on 


Obferv, X X X V. Of the contexture and [bape of the particles of 
Feathers. 


Eus feveral forts of Feathers, | took notice of thefe particulars 
in all forts of wing-Feathers, efpecially in thofe which ferv'd for the 
beating of the air in the action of flying, 

That the outward fürface of the Quill and Stem wasofa very hard,ftiff; 
and horny fubftance, which is obvious enough, and that the part above 
xhe Quill was fill d witha very white and light pith, and, with the 24icro- 
feope, 1 found this pith to be nothing elfe, but a kind of natural. congeries 
of ímall bubbles,the films of which feem to be of the fame fubftance with 
that of the Quill, that is, of a {tiff tranfparent horny fubftance: 

Which particular feems to me,very worthy a more ferious confiderations 
For here we may obíerve Nature,as 'twére;put to its fhifts, to make a fub- 
ftance,which fhall be both light enough,and very ftiffand ftrong,without 
varying from its own eftabliíh'd principles, which we may obferve to be 
fuch, that very ftrong bodies are forthe moft part very {heavie alfo, à 
ftrength of the parts ufually requiring a denfity, and a denfity a gravity 5 
and therefore fhould Nature have made a body fo broad arid. fo ftrong as 
a Feather, almoft, any other way then what it has taken, the gravity of it 
muft neceflarily have many times exceeded this; for this pith feems to be 
like fo many ftops or croís pieces in a long optical tube, which do very 
much contribute to the ftrength of the whole, the pores of which were 
fuch, as that théy feem'd not to have any communication with one ano- 
ther, as I have elfewhere hinted. 

But the Mechanifm of Nature is ufually fo excellent, that one and the 
fame fubftance is adapted to ferve for many ends. For the chief ufe of 
this, indeed, feems to be for the fupply of nourifhment to the downy or 
feathery part of the ftem 5 for 'tis obvious enough in all forts of Feathers, 
that ’tis plac'd juft under the roots of the branches that grow out of ci- 
ther fide of the quill or ftalk, and is exactly fhap'd according to the rank- 
ing of thofe branches, coming no lower into the quill, then juft the be« 
ginning of the downy branches, and growing onely on the under fide of 
of the quill where thofe branches do fo, Now, in a ripe Feather (asone 
may call it) it {eems difficult to conceive how the Succws ztritius fhould 
beconvey d to this pith; for it cannot, I think, be well imagin'd to pafs 
through the fubftance of the quill, fince, having examin'd it with the 
greateft diligence I was able, I could not find the leaft appearance of 
pores but he that fhall well examine an unripe ot pinn'd Feather, will 
plainly enough perceive the Veffel for the conveyance of it to be the thin 

filmy pith (as tis call'd) which paffes through the middle of the quill. 


Asforthe make and contexture of the Down it (elf; it is indeed very 
: rare 
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tare and admirable, and fuch as I can hardly believe;that the likeistó be 
diícoverd in any other body in the world s forthere: 1s hardly a large 
Feather in the wing of a Bird.but contains neer a million of diftin& parts, 
and every one of them fhap d in a moft regular & admirable form,adapt- 
ed to a particular Defign : For examining a. middle ciz d Goofe-quill, I 
eafily enough found with my naked eye,that the main ftem of it containd — 
about 300. longer and more Downy branchings upon one fide; atid as 
many on the other of more ftiff but fomewhat fhorter branchings. Many 
of thefe long and downy branchings, examining with an ordinary. 24- 
croftope, Y found divers of them to contain neer 1200. {mall leaves (asT 
may call them, fuch as EF of the firft Figure of the 23. Scheme) and as 
many ftalks s on the other fide, fuch as FK of the fame Figure; each of 
the leaves or branchings, E F, feem'd to be divided into about fixteen or 
eighteen {mall joints, asmay be feen plainly enough in the Figure; out of 
moít of which there feem to grow {mall long fibres, fuch as are exprefsd 
inthe Figure, cach of them very proportionably fhap'd according to its 
pofition, or plae'd on the ftalk E F 5 thofe on the under fide of it, name- 
ly, 152, 2.4, 5,6, 7859, €c. being much longer then thofe directly op-— 
pofite to them on the upper 5 and divers of them, fuch as 253,455,6,758,9) _ 
ec. were terminated with fmall crooks, much refembling thofe fmall — 
crooks,which are vifible enough to thenaked eye, in the feed-buttonsof — 4 
Bur-docks. The ftalks likewife, IK on the other fidejfeem'd divided into — 
neer as many fmall knotted joints,but without any appearance of firings — 
or crooks,each of them about the middle K,feem‘d divided into two parts 
by akind of fork, one fide of which, namely, K L, was: extended neer 3. 
the length of KI, the other, M, was very fhort. S398 
The tranfverfe Sections of the ftems of thefe branchings, manifefted — 
the fhápe or figure of it to be much like I N.O E; which confifted ofa 
horny fkin or covering, and a white feemingly: frothy pith, much likethe — 
make of the main ftem of a Feather. BEX 
The ufe of this = kind of form,is indeed more admirable'thenall — 
the reft, and fuch as deferves to: be much more. ferioufly examindand — 
confider'd, then I have hitherto found: time or ability to do 5 for certain: 
ly;it may very much inftru& usin the nature of the Air, efpecially ast |—— 
fome properties of it. 5] onlq ay 398] bi 
The ftems of the Downy branches IN O E; being rang’d in theorder — 
vifible: enough to the naked eye, at the diftance of I F, or fomewhat 2 
more, thé cellateral {talks and leaves (if Imay fo call thofe bodiesInewe — 
ly deferibed) are fo rang'd, that the leaves or hairy ftalksof the;one fide — 
lie at top, or are incumbent on the {talks of thé other, ‘and:erols each: « 
Other, much after the manner exprefs'd in the fecond Figure ofthe — 
23: Scheme, by which means every of thofe: little: hooked pbres-ofthe PA 
leaved. ftalk get between the naked ftalks, and the ftalks being full of E: 
knots; and a prety way dif-join’d, fo as that the fibres: can eafily get ber E 
tween them, the two parts are fo clofely and admirably woven together, - 
that itis:-able to impede.for the greateft part; the tratifcurfon of the Air} 
and thoughithey are fo exceeding fmall, as that the thicknefSiof nat 
thele 
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thefe ftalks amounts not to a 560, part of an Inch, yet do they &or 
fo ftrong a texture, a3 notwithftanding the mecendih quick andi 
beating of them againit the Air, by the ftrength of the Birds wing, the 
firmly hold together. And it argues an admtirable| providence of Natus 
in the contrivance and fabrick of chem; for their texture is fuch, that 
though by any external injury the parts of themare violently dikjoynd | 
fo as that the leaves and ftalkstouch not one another, and cóníequent] ; 
feveral of thefe rents would impede the Bird's flying ; yet, for the inel 
part, of themfelvesthey readily re-join and re-contex themfelves;and arg 
eafily by the Birds ftroking the Feather, or drawing it through its Bil all 
of them fettled and woven into their former arid natural pofture >: Sell 
there are fuch an infinite company of thofe fiiall fibres in the wader fide 
of the leaves, and moft of them have fuch little crooks at their ends,that 
they readily catch and hold the ftàlks they touch, , 

From which ftrange contexture,it feems rational to füppofe that there 
is a certain kind of meth or hole (o fmall, that the Air will not very eafily 
pafs through it, as IT hinted alío io the fixth Obfervation about {mall Glafs 
Canes, for otherwife it feems probable, that. Nature would have drawn 
over fome kind of thin film which fhould have covered all thofe almoft 
Íquare methes or holes, there {eeming through the AMicrofcope to be more 
then half of thefurface of the Feather which is open and vifibly pervi- 
ous 5 which conjecture will yet feem more probable from the texture of 
the brufhie wings of the 7/zea argented, or white Feather wing'd moth, 
Which I fhall anone defcribe. But Nature, that knows beft its own laws; 
and the feveral properties of bodies;knows alo beft how to adapt and fig 
them to her defigned ends,and whofo would know thofe properties, muft 
endeavour to trace Nature in its working, and to fee what courfe fhe 
obferves, And this I fuppofe will be no inconfiderable advantage which 
the Schematifins and Strutures of Animate bodies will afford the dili- 
gent enquirer, namely, moft fure and excellent inftra&tions, both: as to 
the practical part of Aechanicks and to the Theory and knowledge of the 
nature of the bodies and motions. 


Obíerv. XXXVI. Of Peacoks, Ducks, and other Feathers of 
changeable colours. 


‘Te parts of the Feathers of this glotious Bird ‘appeat, throsgh the 

Méicrofeepe, no le(s gaudy then do the whole Feathers; for, as to the 
naked eye ‘tis evident that the fter or quill of each Feather in the tail 
fends out multitudes of Lateral branches, füch as A B in the third. igute 
of the 23. Scheme repreíentsa {mall part of about: 4; part of an Inch long, 
and each of the Jateral branches emit multitudes of little fprigs, threads 
or hairs on either fide of them, fuchas CD, C D, CD, fo each of thofe 


threads in the Adiergfeope appears à large long body,confifting of a waite 
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tude of bright reflecting parts, whofe Figure ‘tis no cafie matter to de- 
termine, ashe that examines it (hall find; for every new pofition of it to 
the light makes it perfectly fcem ofanother form and fhape,and nothing 
what it appeard a little before; nay, itappear'd very differing oft- 
times from fo feemingly inconfiderable a circumftance, that the inter: 
pofing of ones hand between the light and it,makes a very great change, 
and the opening or fhutting a Cafement and the like, very much diverf- 
fies theappearance. And though, by examining the form of it very man 
ways, which would be tedious here to enumerate, I fuppofe I have dif- 
cover'd the true Figure of it, yet oftentimes, upon looking on it in ano- 
ther pofture, I have almoft thought my former obfervations deficient, 
though indeed, upon farther examination, I have found even thofe alfo 
to confirm them. | 
Thefe threads therefore I find to be a congeries of fmall Lamine or 
plates; ds ee e e e, &c. each of them fhap'd much like this of 4 ^c dj in 
the fourth Figure,the part 4 c being a ridge, prominency, or ftem, and 
b and d the corners of two {mall thin Plates that grow unto the mall 
ftalk in the middle.fo that they make a kind of little feather; each of thefe 
Plates lie one clofe to another, almoft like a company of floping ridge or 
utter T yles; they grow on each fide of the ftalk oppofite to one another, - 
y two and two, from top to bottom, in the manner expres d in the 
fifth Figure, the topsof the lower covering the roots of the next above 
them ; the under fide of each of thefe laminated bodies, is ofa very dark 
and opacous fubftance, and fuffers very few Rays to be trajected, but re- 
Be&s them all toward that fide from whence they come, much like the 
foil of a Looking-glafs5 but their upper fides feem to me to confift of 
a multitude of thin plated bodies, which are exceeding thin, and lie ve 
ry clofe together, and thereby, like mother of Pearl fhells, do not one- 
ly refle& a very brifk light, but tinge that light in a moft curious man- 
ner; and by means of various pofitions, in refpe&t of the light, they re: 
at back now one colour, and then another; - and thofe moft vi- 
vidly. ) vidit 
Naw, that thefe coloursare onely famtaftical ones, that is, fuchas arife 
immediately from the refractions of the light, T found by this; that water 
wetting thefe colour d parts,deftroy’d their colours,which Ícem'd to pro- 
ceed from the alteration of the reflection and refraction, “Now, though 
{ was not able to fee thofe hairs at all tranfparent by acommon light, yet 
by looking on them againft the Sun, I found them to be ting'd with a 
darkifh red colour, nothing a-kin to the curious and lovely greensan 
bluesthey exhibited. oH" 
What the reafon of colour feems to be in fuch thin plated bodies, I 
have elfewhere {hewn. But how water caft upon thofe threads deftroys 
their colours; I fuppofe to be perform'd thus; "The water falling upon 
thefe plated bodies from its having a greater congruity to Feathersthen 
the Airjnfinuates it felf between thofe Plates,and fo éxtrudes the ftrong 
reflecting Air, whence both thefe parts grow mor tranfparent,as the 4 
éFofeope informs, and colourlefs alfo; at beft retaining a very faint 
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dull colour. But this wet being walted away bythe continual evapora- 
tions and {teams that país through them from ithe Peacock, whil'ft that 
Bird isyet alive, the colours again appear in their fortner lufter, the 7x5 
terfiitia of thefe Plates being fill'd with the ftrongly reflecting Air. ...... 

The beauteous and vivid colours ofthe Feathers. of this: Bird being 
found to proceed from the curious and exceéding fmalnefs and fineheis 
of the reflecting parts,we have here the reafon given us ef all:thofe gau: 
deries in the apparel of other Birds alfo, and how they come to exceed 
the colours of al! other kinds of Animals, befidesInfects s for fince (as we 
here.and elfewhere alfo fhew) the vividnels of a colour, depends upon 
the fineneís and tranfparency of the reflecting and refracting parts 3 and 
fince our AGcrofcepe difcovers to us; that the component parts of feathers 
are füch, and that the hairs of Animals are otherwife 5 and fince we find 
alfo by the Experiment of that Noble and moft Excellent Perfon I formers 
lynamed; that the difference.between Silk-and Flax, as to its colour. is 
nothing clfe (for Flax reduc'd to a very great finenefS of parts, both 
white and colour'd, appears as. white and as vivid as any Silk, but lofes 
that brightnefs and its Silken'afpect as foon-asit-istwifted into thread,by 
reaton that the component parts, though very fmall and fine; are yet pli- 
able flakes, and not cylinders, and therce;by twifting, become united in 
to one opacous body, whereas: the: threads of Silk and Feathers retain 
their luftre, by preferving their cylindrical fort: intire without inix- 
ing; fo that cach refle&ed and refracted beam that compofes. the glofs 
of Silk, preferves its own property of modulating the light intire) 5 And 
fince we find the fame confirm’d by many other Experiments elfewhere 
mentioned, Ithink we may fafely conclude this for an Axiome, thát 
Whetefoever we'meet. with tranfparent bodies, fpun out into very fine 
parts, cither cleer, or any ways ting d, the colours refulting from fuch:a 
compofition mult neceflarily be very glorious; vivid, and.cleer, like thofe 
of Silk and Feathers. This may perhaps hint forie ufefull way of making 
other bodies, befides Silk, befufceptible of bright tinctures, but of this 
onely by the by;. 

The changeable colour'd Feathers alío of Ducks, and fevetal other 
Bitds, Ihave found by examination with my Microfcope, to proceed fron 
much the fame caufes and textures. 


SS See Qe i : : 
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Obferv, XXXVII. Of the Feet of Flies, and feveral other Ins 
fects, | E 


s ‘He foot of a Fly (delineated in the firft-Figure of the 23, scheme, 
JA. which reprefents three joints, the two Tallons, and the tw6 Pattetis 
in a flat pofture ; and in the fecond Figure of the fame scheme, which re- 
prefents onely one joint, the Tallons and Pattens in another pofture) is 
of a moft admirable and curious contrivance, for by this the Flies are in- 


abled to walk againft the fides of Glafs, perpendicularly üptvards, and to 
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contain themíelves in that pofture as long as they pleafesnay,to walk and 
fufpend themfelves again{t the under furface of many bodies,as the ceiling 
ofaroom, or thelike, and this with as great a feeming facility and firm- 
nefs, as if they were a kind of Aztipodes, and hada tendency upwards, as 
we are fure they have the contrary, which they alfo evidently difcover, 

in that they cannot make themfelves fo light, as to ftick or fufpend them- 

felves on the under furface of a Glafs well polifh'd and cleans'd 5 their 

fufpenfion therefore is wholly to be afcrib'd to fome Mechanical contri- 

vance in their feet; which, what it is, we fhall in brief explain, by (hew- 

ing, that its Mechanifm confifts principallyin two parts, that is, firft its 

two Claws, or Tallons, and fecondly, two Palms, Pattens, or Soles. 

The two Tallons are very large, in proportion tothe foot, and hand- 
fomly fhap'd in the manner defcrib'd in the Figures, by AB, and AC, 
the bigger part of them from A to d d, is all hairy, or brifled, but tos 
ward the top, at Cand B fmooth, the tops or points, which feem very 
fharp turning downwards and inwards, are each of themmovdonaj 
at A, by which the Fly is able to open or fhut them at pleafure, fot 
the points Band C being entered in any pores, and the Fly endeavou 
to fhut them,the Claws not onely draw one againft another, and fo fai 
each other, but they draw the whole foot, GG A DD forward, fot bi 
ona {oft footing, the tenters or points G G GG, (whereofa Fly has about — 
ten ineach foot, to wit,two in every joint)run into the poresiftheyfind — 
any, orat leaft make their way 5 and thisis fenfibleto thenaked eye,in — — 
the feet ofa Chafer, which, if he be fuffer'd to creep over the hand, or — 
any other part of the fkin of ones body, does make his ftepsas fenfibleto 
the touch as the fight. 

_ But this contrivance;as it often fails the Chafer, when he walks on ha 
and clofe bodies, fo would it alfo our Fly, though he be a much lefie 
and nimblercreature, and therefore Nature has furnifh’d his foot 
another additament much more curiousand admirable, and that is; 

a couple of Palms, Pattens or Soles D D, the ftructure of whichisth 

From the bottom or under part of the laft joint of-his foot, K, 
two {mall thin plated horny fubftances, each confifting of two flat pi 
D D, which fcem to be flexible,likethe covers of a Book, about F F 
which means,the plains of the two fides E E,!do not always lie in the 
plain, but may be fometimes fhut clofer, and fo each of them may ta 
little hold themfelves on a bodys but that isnot all,for the under fid 
thefe Solesare all befet with {mall brifles, or tenters, like the Wire 
of a Card ufed’ for working Wool, the points: of all which tend 
wards, hence the two Tallons drawing the feet forwards, as bef 
hinted, and thefe being applied tothe dace of the body with all th 
points looking the contrary way, that is, forwards and outwards, if theft 
beany irregularity or yielding in the furface of thebody, the Fly hu 
fpends it felf very firmly and eafily,without the accefs or need of. - uc 
Spongesfill'd with an imaginary g/utew, as many have, for want of g 


Glafles, perhaps,.or a troublefome and diligent examination, fuppos: 
Now, that the Fly isableto walk on Glafs, proceeds partly fromiome — 
ruggedne 
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rüggednefs of thefürface; and chiefly from a kind of tarnifh, or dirt 
fmoaky fubftance, which adheres to the furface of that very hard body's 
and though the pointed parts cannot penetrate the fübftance of Glafz. yet 
may they find pores enough inthe tarnifh, or at leaft make them. — 

This Stru&ure I fomewhat the more diligently furvey’d, becauto i 
could not well comprehend, how, if there were füch a glutinous matter 
in thofe {uppofed Sponges, as moft (that have obferv'd that ObjeG@ in à 
Microfeope) have hitherto believ'd,how, I fay, the Fly could fo readily un- 
glew and loofen its feet : and, becaufe I have not found any Other crea- 
ture to havea contrivance any ways like it; and chiefly, that we might 
not be caft upon unintelligible explications of the Phevomea of Nature, 
at leaft others then the true ones, Where our fenfes were able to furnifh 
us with an intelligible, rationall and true one. 

Somewhat a like contrivance to this of Flies fhall we find in moft other 
Animals, fuch as all kinds of Flies and cafe-wing'd creatures; nay, in à 
Flea, an Animal abundantly fmaller then this Fly. Other creatures, as 
Mites,: the Land-Crab, €. have onely one fitiall very fharp Tallon 
at the end of each of their legs, which all drawing towards the center or 
middle of their body, inable thefe exceeding light bodies to füfpend and 
faften themfelves to almoft any fürface. 

Which how they are able tó do; will not feem ftrange, if we confider, 
firft, how little body there is in one of thefe créatures compar to their 
fuperficies, or outfide,their thicknefs, perhaps, oftentimes,not amountin 
tothe hundredth part of anInch: Next, the ftrength and agility of theft 
creatures compar d to their bulk, being, proportionable to their bulk, 
perhaps, an hundred times ftronper then an Horfe or Man. And thirdly, 
if we confider that Nature does always appropriate the inftruments, fo 
asthey are the moft fit and convenient to perform their offices, and the 
moft fimple and plain that poflibly can be ; this we may fee further veri- 
fy d alfo in the foot of a Loufe which is very much differing from thofe I 
have been defcribing, but more convenient and neceflary for the place 
of its habitation, each of his leggs being footed with a couple of fmall 
claws which he can open or fhut at pleafure, fhap'd almoft like the claws 
of a Lobfter or Crab, but with appropriated contrivances for his peculiar 
ule, which being to move its body to and fro upon the hairs of the crea- 
ture it inhabits, Nature has furniih’d one of its claws with joints, almoft 
like the joints of a man's fingers, fo as thereby iris able to encompafs or 
grafp a hair as firmly as a man can a ftick or rope. 

Nor, is there a lefs admirableand wonderfull Mechanifm in the foot 
of a Spider, whereby he is able to fpin, weave, and climb, or run on his 
curious 'tranfparent clew, of whichIíhall fay more in the defcription of 
that Animal. 

And to conclude, we fhall in all things find, that Nature does not 
onely work Mechanically, but by fuch excellent and moft compendi- 
ous, as well as ftupendious contrivances, that it were impoffible for all 
the reafon in the world to find out any contrivance to do the fame thing 


that íhould have more convenient properties. And can any be fo fottifh, 
Aa 2 as 


172 


MicrROGRAPHIA. 


as to think all thofe things the productions of chance? Certainly, ei- 
ther their Ratiocination muft be extremely depraved,or they did never 
attentively confider and contemplate the Works of the *Al-mighty, 


Obferv. XXXVIII. Of the Struéture and motion of the Wings 
of Flies. 


aE: He Wings of all kinds of Infe&s, are, for the moft part, very 
beautifull Objects, and afford no lefs pleafing an Object to the mind 
to fpeculate upon,then to the eye to behold. This of the blue Fly,among 
the reft, wants not its peculiar ornaments and contrivances 5 it grows 
out of the Thorax, or middle part of the pony of a Fly, and is feated a 
little beyond the center of gravity in the body towards the head, but 
that Excentricly iscurioufly balanc'd ; firft, by the expanded Area ofthe 
wings which lies all more backwards then the root, by the motion of 
them,whereby the center of their vibration is much more backwards to- 
wards the tail of the Fly then the root of the wing is. What the vibra- 
tive motion ofthe wings is, and after what manner they are moved, I 
have endeavoured by many trials to find out: And forthe firft manner 
oftheir motion, [endeavoured to obferve feveral of thofe kind of fmall 
{pinning Flies, which will naturally fufpend themfelves, as it were, poisd 
and fteady in one place of the air, without rifing or falling, or moving 
forwards or backwards; for by looking down on thofe, I could by a kind 


- of faint fhadow, perceive the utmoft. extremes of the vibrative moti- 


on of their wings, which fhadow, whil'ft they fo endeavoured to fufpend 
themfelves, was not very long, but when they endeavour to fliefor- 
wards,it was fomewhat longer s next,I tried, it,by fixing the leggs ofa Fly 
upon the top ofthe ftalk of a feather, with Glew, Wax; €^«. and then 
making it endeavour to flie away 5for being thereby able to view it in 
any potture, I collected that the motion of the wing was after this man- 
ner. The extreme limits of the vibrations were ufually fomewhat about 
the length of the body diftant from one another, oftentimes fhorter,and 
fometimes alfo longer; that the formoft limit was ufually a little above 
the back,and the hinder fomwhat beneath the belly between which two 
limits, if one may ghefs by the found, the wing feem’d to be moy d for- 
wards and backwards with an equal velocity : And if one may (from the 
fhadow or faint reprefentation the wings afforded, and from theconfide- 
ration of the nature of the thing) ghefs at the, pofture or, mamner 
ofthe wings moving betweeen them,it fcem'd to be this: The wing 
being fupposd placed in the upmoft limit, feems to be put fo thatthe 
plain of it lies almoft horizontal, but onely the forepart does dipa little; 
or is fmewhat more depreft; in this pofition is the wing vibrated 
or mov'd to the lower limit, being almoft arrived.at the lower It 
mit, the hinder part of the wing moving fomewhat fafter, then the 

former, 


Mite kon Apu. 


at pofture 
ack again, and thence back 
Ye Area dipping again,as it is 


ons or motions to and fro between the two limits fee 
very probable (from the found t affords, if it be compar d with the vi- 

ration of a mufical firing, tun'd unifon to it) it makes many hundreds, 
if not fome thoufands of vibrations in a fecond minute of time; And. if 
we may be allow'd to ghefs by the found, the win 


And it (eems the more likely too, becaufe the wing of 
portion to its body,then the other Wing tothe bod y ofa Fly; fo that for 


Anima of the Infe&, which is able to difpofe and regulate fo the the mo- 
tive faculties, as to caufe every peculiar organ, not onely to move or a& 
fo quick, but to do it alfo fo regularly. 

Whil'ft I was examining and confidering the curious MUechahifin of the 
wings, I obferv'd that under the wings of moft kind of F lies, Bees, ec; 
there were plac'd certain pendulums or extended drops (as I may fo call 
them from their refembling motion and figure) for they much relembled 
a long hanging drop of fome tranfparent vifcous liquor ; and IL obferved 
them conftantly to move juít before the wings of the Fly began to move, 
fo that at the firft fight I could not but ghefs, that there was fome excel- 
lent ufe, asto the regulation of the motion of the wing, and did'phanicy, 
that it might be fomething like the handle of a Cock, which .by vibra- 
ting to and fro,might,as ‘twere,open and {hut the Cock,and thereby give 
a paflage to the determinate influences into the Mufcles ; afterwards, p- 
on fome other trials; füppos d-that they might be for fome ufe in refpira- 
tion, which for many reafons I fuppofe thofe Animals to ufe, and, me 
thought, it was not very improbable, but that they might have conve- 
nient paflages under the wings for the emitting, at leaft,of the air; if not 
admitting, asin the gills of Fifhes is mof evident; or, perhaps, this Pez- 
dulum might be fomewhat like the ftaff to a Pump, whereby thefe crea- 
tures might exercife their Analogus lungs, and not only draw in, but force 
Out,the air they live by : but thefe were but conjectures,and upon further 

examination feem'd lef; probable. 
The fabrick of the Wing,as it appears through a moderately magnify- 
ing Microfope,feems to bc a body confifting of two parts.as is vilible in the 
4-Frgure of the 23.Scheme;and by the 2.Figure of the 26.Scheme; the em 
. a quilly 
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a quilly or finny fabftance,confifting of feveral long,flender and varioufl 

bended quills or wires, fomething refembling the veins of leaves; thefe 
are, as twere,the finns or quills which ftiffen the whole Area, and keep 
the other part diftended, which is a very thin tranfparent {kin or mem- 
brane varioufly folded, and platted, but not very regularly, and is be- 
fides exceeding thickly beftuck with innumerable fmall brifles, which 
are onely perceptible by the bigger magnifying Microfcope, and. not 
with that neither, but with a very convenient augmentation of fky- 
light projected on the Object with a burning Glaís, as I have elfewhere 
{hew'd, or by looking through it againft the light. 

In fteed of thefe {mall hairs, in feveral other Flies, there are infinite of 
{mall Feathers, which cover both the under and upper fides of this thin 
füm asin almoft all the forts of Butterflies and Moths: and thofe fmall parts 
are not onely fhap'd very much like the feathers of Birds, but like thofe 
variegated with all the variety of curious bright and vivid colours ima- 
ginable; and thofe feathers are likewife fo admirably and delicately 
rang’d,as to compofe very fine flourifhings and ornamental paintings, like 
Turkie and Perfian Carpets,but of far more furpaffing beauty, asis evident 
enough to the naked eye, in the painted wings of Butterflies, but much 
more through anordinary AZicrofcope. — » 

Intermingled likewife with thefe hairs, may be perceived multitudes 
of little pits, or black fpots,in the exended membrane, which feem to be 
the root of the hairs that grow on the other fide 5 thefe two bodies feem 
difpers'd over the whole furface ofthe wing. 

The hairsare beft perceiv'd, by looking through it againft the light, 
or, by laying the wing upon a very white piece of Paper, in aconve- 
nient light, for thereby every little hair moft siste) appeats5 a 
Specimen? of which you may obferve drawn in the fourth Figs/e ot 
the 23. Scheme, A: B, CD, EF whereof reprefent fome parts ofthe 
bones or quills of the wing, each of which you may perceive to be 
cover'd| over with a multitude of fcales, or rifles, the former A B, 
is the biggeft ftem of all the wing, and may be properly enough call'd 
the cut-air, it being that which terminates and ftiffensthe formoft edge 
of the wing 5 the fore-edge of this is arm’d with a multitude of little 
brifles, or Tenter-hooks, in fome ftanding regular and in. ordet, in 
others not; all the points of which are directed from the body to- 
wards the tip of the wings nor is this edge enely thus fting’d , but 
even all the whole edge of the wing is cover'd with a fall fringe, 
confifting of fhort and more flender brifles. gers 

This Subject, had time, would afford excellent matter for the coit 
templation of the nature of wings and of flying; but, becaufe may, 
perhaps, get a more convenient time to profecute that fpeculation, anc 
recolleét feveral Obfervations that] have made of that particular. 1 (hall 
at prefent proceed to E ox 
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Obferv. XXXIX, Of the Eyes and Head of a Grey drone-Fly, 
and of feveral other creatures, 


] took a large grey Prozc-Fly, thar had a large head; buta ímall and 
{lender body in proportion to it,and cutting off its heads I fix’d-it with 
the forepart or face upwards upon my Object Plate (this I made choice 
ofrather then the head ofa great blue Fly becanfemy enquiry being :ndw 
about the eyes,I found this Fly to have. firft the biggeft clufters o£ eyes 
-in proportion to his head, ofany fmall kind of Fly that I have yet feen, it 
being fomewhat inclining towards the make of the large Dragon-F lies, 
Next, becauíe there is a Prcater variety in the knobs or balls of each 
clufter,then is of any fmall Fly) Then examining it according to my ufual 
manner, by varying the degreesof light, and altering its pofition to each 
kinde of light, I drew that reprefentation of it which is delineated in 
the 24. Scheme, and found thefe things to be as plain and evident, as 
notable and pleafant. 

Firfl, that the greateft part of the face,nay,of the head, was nothing elfe 
but two large and protuberant bunches,or prominentparts,A BC DE A,the 
furface of each of which was all cover'd over, orfhap'd into a multitude 
of fmall Hezzifpberes;plac'd in a triagonal order,that being the clofeft and 
moft compacted, and in that order, rang'd over the whole furface of the 
€yein very lovely rows between each of which, as is neceflary, were left 
long and regular trenches, the bottoms of every of which, were perfedtly 
intire and not at all perforated or drill'd through, which I moft certainly 
Was aflured of, by the regularly reflected Image of certain Objects which, 
I mov'd to and fro between the head and the light. And by examining 
the Corzea or outward fkin, after I’ had ftript it off from the feveral fub- 
{tances that lay within it,and by looking beth upon the infide and againft 
the light. 

Nix, that of thofe multitudes of Hemifpheres, there were obfervable 
two degrees of bignefs, the half of them that were lowermoft,and look'd 
toward the ground or their own leggs, namely, CDE, CDE being a 
pretty deal ímaller then the other, namel y, ABCE, ABCE, that look'd 
upward, and fide-ways,or foreright,and backward, which variety I have 
not found in any other {mall Fly. | 

Thirdly, that every one of thefe Hemifpheres,as they feem'd to be pret- 
ty neer the true fhape of a Hemifphere, fo was the farface exceeding: 

mooth and regular, reflecting as exact, regular, and perfect an Image of 
any Object from the furface of them, as a Ímall Ball of Quick-filver of 
that bignefs would do, but nothing neer fo vivid, the reflection from thefe 
being very languid, much like the reflection from the outfide of Water, 
Glafs, Cryftal, ee. In fo much that in each of thefe Hemi/pheres, l have: 


been able to difcover a Land-fcape of thofe things which lay before my. 
window, 
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window, one thing of which was a large Tree, whofe trunk and top I 
could plainly difcover, as ! could alfo the parts of my window, and my 
hand and fingers, if I held it between the Window and the Object; a 
{mall draught of nineteen of which, as they appear d inthe bigger Mag- 
nifying-glafs to refle& the Image of the two windows of my Chamber, 
are delineated in the third Fgere of the 23. Scheme. Wn 

Feurtbly, that thefe rows were fo difpos d, that there wasno quarter 
vifible from his head that there was not fome of thefe Henripberes directed 
againft 5 fothat a Fly may be truly faid to have am eye every may, and to 
be really circum|ped. And it was further obfervable, that that way where 
thé trunk of his body did hinder his profpe& backward, thefe protube- 
vances were elevated, as it were, above the plain of his fhouldersand 
back, fo that he was able to {ee backwards alfo over his back. 

Fifthly, in living Flies, I have obferv d, that when any {mall mote or 
duft,which flies up and down the air, chances to light upon any part of 
theíe knobs, asit is fure to ftick firmly to it and not fall, though through 
the Microfcope it appears like a large [tone or ftick (which one would ad- 
mire,efpecially (ince it is no ways probable that thereis any wet or gluti- 
nous matter upon thefe Hezzifpberes;but 1 hope I fhall render the reafonin 
another place) fo the Fly prefently makes ufe of his two fore-feet in ftead 
of eye-lids, with which, as with two Brooms or Brufhes, they being 
all beftuck with Brifles, he often fweeps or brufhes off what ever hinders 
the profpe&t of any of his Hemifpberes, and then, to free his leggs from 
that dirt, he rubs them one againft another,the pointed Brifles or Tenters 
of which looking both one way, the rubbing of them to and fro one 
againft another, does cleanfe them in the fame manner as [have obferv'd 
thofe that Card Wool, to cleanfe their Cards, by placing their Cards, fo 
as the teeth of both look the fame way,and then rubbing them one againft 
another. In the very fame manner do they brufh and cleanfe their bodies 
and wings, as] fhall by and by fhew 5 other creatures have other contri» 
vances for the cleanfing and cleering their eyes. 

Sixtbly, that the number of the Pearls or Hemifpheres in theclufters 
of this Fly, wasneer 14000. which I judged by numbering certain rows 
of them feveral ways, and cafting up the whole content , accounting 
each clufter to contain about feven thoufand Pearls, three thowfand 
of which were ofa cize, and confequently therows not fo thick, and 
the foure thoufand I accounted to be the number of the fmaller Pearls 
next the feet and probofeis. Other Animals I obferv'd to have yet a 
greater number, as the Dragon-Fly or Adderbolt : And others tohavea 
— léfs company, as an Avt, &c. and feveral other {mall. Flies and 

nfects. pt 

Seventhly,that the order of thefe cies or Hemifpheres was altogether cuti- 
ous and admirable,they being plac’d inall kind of Flies,and aerial animals, 
in a moft curious and regular ordination of triangular rows, in whichor- 
der they are rang’d the neereft together that poflibly they can, and con- 
fequently leave the leaft pits or trenches between them. But in Shrimps, 
Cramfifhes, Lobfters, and fuch kinds ‘of Craftaceous water Animals, [have 
à yet 
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yet.óbferv'd them rang’d in a quadrangular order, the rows cutting each 
other at right angles,which as it admits of a leís umber of Pearls ia equal 
furfaces; ío have thofe creatures a recompence made them, by having 
their-eyes a little movable in their heads, which the. other altogether 
want. So infinitely wife and provident do we find all the Difpenfations in 
Nature, that certainly Epicurus, and his followers; mutt very little have 
confider'd them, who aícrib' d thofe things to, the production of. chance, 
that wil,to a more attentive confiderer,appear the produéts of the higheft 
Wiídom and Providence. 

Upon the Anatomy or Difiection of the Head; I obfery'd thefe par- 
ticulars: : 

Firft, that this outward fkiri, like the Corzea of the cyes of thé greater 
Animals, was both flexible and tranfparent, and feem'd, through the 24« 
eroftope, perfectly to refemble the very fübftance of the Cornea ofa inan’s 
eyes for having cut out the clüfter, and remov d. the dark and mucous 
{tuff that is fübjacent to it, I could fee it tranfparént like a thin piece of 
{kins having as many cavities in the infide of it, and rang’d in the fame 
order as it had protuberances onthe outfide,and this propriety,I found the 
fame in all the Animals that had it; whether Flies orShell-Fiíh. 

Secondly, I found tliat all Animals that I have obferv'd with thofe kind 
of eyes, have within this Corzez, à certain cleer liquor or juice, though in 
a very little quantity, and, i 

L'obíerv'd thirdly, that within that cleer liquor, they had:a kind of 
dark z»cozs lining, which was all {pread round within the cavity ofthe 
clufter, and (cem'd: very. neer ad joining to it, the colour of which, in 
fome F lics;was grey ; in others; blacks in others red ; in others,of a mix'd 
colour 5 in others,fpotted 5 and that the whole clufters, when look’d on 
whil ft the Animal was living, or but newly kill’d, appear'd of the fame 
colour that this coat (as Imay fo call it) appear'd of, when that outward 


fkin, or Corzea,was remov d. 


» Fourthly, that. the reft of the capacity of the clufters was in fome, as 
in Dragon Flies, gc. hollow, or empty 5 in others fill’d with fome kind 
of fubftance ; in blue Flies,with a reddifh mufculous fubftance, with fibres 
tending from the center or bottom outwards ; and divers other;with va- 
tiousand differing kinds offübftances. 

That this curious contrivance is the organ of fight to all thofe various 
Cruftaceous Animals, which are furnifh d with it, I think we need not 
doubt, if we confider but the feveral congruities it has with the.eyes of 
greater creatures. 

As firft, that it is furnifh'd with a Cerzea,;with a tranfparent bumour,and 
With a vea or retina, that the Figure of each ofthe fmall Hemifpheres are 
very Spherical, exactly polifh'd, and moft vivid, lively and plump,when 
the Animalis living,as in greater Animals,and in like manner dull,flaccid, 
and irregular, or fhrunk,when the Animal is dead, ardt 

Next, that thofe creatures that are furnifh’d with it, have no 
other organs that have any refemblance to the known eyes of other 


tures, 
pu Bb Thirdly, 
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Thirdly,that thofe which they call the eyes of Crabs;Lobfters;Shirimps, 
and the like; and are really fo, are Hewifjber d, almoft in the fame'man- 
nerasthefe of Flies are. “And that they really are fo, T have very often 
try'dyby cutting off thefe little movable knobs, and putting the creature 
again into the water, that it would {wim to and fro, and move up and 
downas wellas befere, but would often hit it felf againft the rocks or 
ftones'; and though I put my hand :juft before its head, it would not at 
all {tart or fly back till I touch'd it; whereas whil'ft: thofe were remain- 
ing, it would ftart back,and avoid my hand or a ftick at'a good diftance 
before it touch’d it. | And if in cruftaceons Sea-animals, then it feems very 

robable alfo,that thefe knobs are the eyes in cruflaceousInfeGts, which are 
alfo of the. fame kind; onely in a higher and: more active Element 5 thisthe 
conformity or congruity of many other parts common to either of them, 
will ftrongly argue,their erufPaceom armour,their number of leggs,which 
are fix, befidethe two great claws, which anfwer tothe wings in Infects; 
and in all kind of Spiders, as alfo in many other Infects that want wings, 
we {hall find the compleat number of them, and not onely the number, 
but the very fhape, figure, joints, and claws of Lobfters and Crabs, as is 
evident in Scorpions and Spiders, asis vifible in the fecond Figure of the 
3r. Scheme,and in the little Mite-worm,which I call a Land-crab,defcrib d 
in the fecond Figure of the 33. Scheme,but in their manner of generation 
being oviparous, @¢. And it were very worthy obfervation, whether 
there be:not fome kinds of transformation and metamorphofis in the fe- 
veral {tates of crufZaceons water-animals, as there is in feveral forts of In- 
fects ; for if {uch could be met with,the progrefs of the variations would 
be much more confpicuous in thofe larger Animals, then they can be in 
any kind of Infe&s our colder Climate affords. 

Thefe being their eyes, it affords us a very pretty Speculation to con- 
template their manner of vifion, which, as it is very differing from that of 
biocular Animals, fo is it not lefs admirable. 

That each of thefe Pearls or Hemifpheres is a perfect eye, I think we 
need not doubt, if we confider onely the outfide or figure of any oneo 
them, for they being each of them cover'd witha tranfparent protube- 
rant Cornea, and containing a liquor within them, refembling the watry 
or glaffie humours of the eye, muft- neceffarily refract all the parallel 
Raysthat fall on them out of the air, into a point not farr diftant within 
theni, where (in all probability) the Retina of the eye is placed,and that 
opacous, dark, and mucous inward coat that (I formerly fhew'd)1 found 
to fubtend the concave part of the clufter is very likely to be that #- 
nicle or coat, it appearing through the Aécrofcop® to be placd a little 
more than a. Diameter of thofe Pearls below or within the fuzica'coruea. 
And. if fo, then is therein all probability, a little Picture or Image of the 
objects without, painted or made at the bottom of the Retina againft 
every one of thofe Pearls, fo that there are as many impreflions on the 
Retina or opacous fkin, as there are Pearls or Hemifpheres on the clufter. 
But becaufe it isimpoflible for any protuberant furface whatfoever, whe- 
ther fberial or other, fo to refra& the Raysthat come from farr — 

laterak. 
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lateral points of any ObjeG as to collect them again and unite them’ ej 

ina diftin&t point,and that onely thofe Rays bib come from biberet 
that lies in the Axis of the F igure produc'd ,are ío accurately re. 
fracted to one and the {ame point again, and that the /eteral Rays,thefur: 
ther they are remov'd, the mere imperfect is their refracted confluence ; 
It follows therefore, that onely the Picture of thofe parts of the extérnal 
objects that lie in, or neer, the Axis of each Hemifphere, are difcernably 
painted or made on the Retina of each Hemifphere, and that:therefore 
each of them can diftin&tlyfenfate or fee onely thofé parts. which are very 
neer perpendicularly oppos'd to it, or lie in or neer its optick xs; 
Now, though there may be by each of thefe eye: pearls,a reprefentation 
to the Animal ofa whole Hemifphere in the fame manner as in a man'seye 
there is a picture or fenfation in the Retina of all the objects lying almoft 
inan Hemifphere 5 yet, asin a man's eye alío there are but fome -verv 
few points which liyng in, or neer, the optick Axis. are diftin&ly dic 
cern d : So there:may be multitudes of Pictures made of an Object in 
the feveral Pearls, and yet but one, or fome very few that are diftin& ; 
The reprefentation of any object that is made in any other Pearl, but that 
which is dire&ly,or very neer directly,oppos d,being altogether confus’d 


‘and unable to produce a diítin& vifion. 


So that we fee, that though it has pleas'd the All-wife Creator; to ins 
due this creature with fuch multitudes of eyes, yet has he not indued it 
with the faculty of feeing more then another creature; for wliereasthis 
cannot move his head,at leaft can move itvery little, without moving his 
whole. body, dtocuJar creatures can in. an inftant Cor the twinkling of az 
eye, which, being very quick, is vulgarly ufedin the fame fignification) 
move their eyes fo as to direct the optick Axis: to any point; nor is it 
probable, that they are able to fee attentively at one time more then one 
Phyfical point 5 for though there. be a.diftinct Image made in every eye, 
yet tis very likely,that the obferving faculty, is only imploy'd abeutfome 
one objec for which they have moft concern. .... : 

Now; as we accurately diftinguifh the fite. or. pofition of an Object 
by the motion of the Mufcles of the eye ies Sree to-put the optick Line 
in a dire& pofition,and confufedly by the pofition ofthe imperfect Pidure 
of the object at the bottom of the eyes {o are ,thefe ernfiaceows creatures 
able to judge confufedly of the pofition of objects by the Picture or im- 
preflion made at the bottom of the oppofite Pear], and diftin&]y by thé 
removal of the attentive or obferving faculty, from one Pearl to ariotlier, 
but what this faculty is,as it requires another place, fo a much deeper fpe- 
culation. Now,becaufeit were impoflible,even with this multitude ofi eye- 
balls,to fee any object diftin&(for as I hinted before,onely thofe parts that 
lay in,or veryneer,the optick Lines could be foythe Infinitely wife Creator 
has not left the creature without a power of moving the head a little in 
Aerial cruftaceows animals,and the very eyes alíb in oruftaceows Sed-animnalss 
fo that by thefe means they areinabled to direct fóme-optick lirie or other 
againft any object,and by that means they have’ the vifive faculty as com-- 
pleat as any Animal thaticam moveits eyes. «o 00 100 wor rs) 
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Diftances of Objets alfo; "tis very likely they diftinguifh, partly by 
the confonant impreflions made in fome two convenient Pearls, one in 
each clufter; for, according as thofe congruous impreffions affect, two 
Pearls neerer approach'd to each other, the neerer is the Object, and 
the farther they are diftant, the more diftant is the Objet: partly alfo 
by the alteration of each Pearl, requifite to make the Senfation or Picture 

crfe&t ; for ‘tis impoflible that the Pictures of two Objects, varioufly 
diftant, can be perfectly painted, or made onthe fame Retina or bottom 
of the eye not altered, as will be very evident to any one that fhall atten- 
tively confider the nature of refraction. Now, whether this alteration 
may be inthe Figure of the Cornea,in the motion of accefs or recefs of the 
Retiva towardsthe Cor#ea, or in the alteration of a cruftaline humour, if 
füchthere be, I pretend not to determine 5 though Ithink we need not 
doubt; but that there may be as much curiofity of contrivance and ftru- 
é&hire in every one of thefe Pearls, as in the eye of a Whale or Elephant, 
and'thelalmighty's Fiat could as eafily caufe the exiftence of the one as 
the others and as one day and a thoufand years are the fame with him,fo 
may one eye and ten thoufand. 
This we may be fure of, that the filaments or fenfative parts of the 
Retina mutt be moft exceedingly curious and minute; fince the whole 
Picture it felf is füch ; what muft needs the component parts be of that 
Retina which diftinguithes the part of an object's Picture that muft be 
many millions of millions lefs then that ina man’s eye? And how exceed- 
ing curious and fübtile muft the component parts of the #edinw that 
conveys light be, when we find the inftrument made for its piped ec or 
tefraGtion to be fo exceedingly {mall ? we may,] think, from this fpeeula- 
tion be fufficiently difcouraged from hoping to difcover by any optick or 
other inftrument the determinate bulk of the parts of the s#ediuas that 
conveys the pulfe of light, fince we find that there is not lefs accurate- 
nefs fhewn in the Figure; and. polifh of thofe exceedingly minute lenti- 
cular farfaces, then in thofe more large and confpicuous furfaces of our 
own eyes. And yet can Inot doubt, but that there is a determinate bulk 
of thole: parts, fince T find them unable to enter between the parts of 
Mercury, which being in motion, muft neceffarily have pores, as I fhall 
elfewhere fhew, and here pafs by, as being a digreffion. ido om 3o 
Asconcerning the horns FF, the feelers or (mellers, GG, the Pre 
bafis HH, and I, the hairs and brifles, KK, I fhall indeavour to de- 
fcribe inthe 42. Obférvation. | Ino 
" 1 f » 


yo, Obferv XL, Of the Teeth of a Snail. 


| I Have little more to-add of the Teeth of a Snail, befides the Pidture 


Of it, which is reprefented in the firft Figure of the 25. Scheme, fave 
that hisbended body, AB C DEF, whichfeem’d fafhioned very much 
like a row of fmall teeth, orderly plac'd inthe Gums, and looksas if it 

; | were 


‘ 
a 


were divided into feveral Ímaller and ‘greater black teeth; was nothing 
but one fmall bended hard bone,which Was placd in ^ ; Bible 
mouth ofa Houfe-Snail, with which I obíerv'd this very Snailto feed ofi 


parts IK, TK, IF, e$. which were join'd together by the thinner inter- 
posd parts of the bone. The Animal to which thefe teeth belong, is a 


of its mouth, are join'd into one large bone, the weight of one of which 
I found to be neer eleven pound Haverdupois. Sothat it feertis one of 
the biggeft fort of terreftrial Animals, as wellas one of the fmalleft, 
has his teeth thus fhap'd. 


ac Sid er E i ra i i E E 
Obferv. X LL. Of tbe Eggs of Silk-worms,and other Infetis. 


^ gen Eggs of Silk-worms(one of which I have defcrib'd inthe fecond 
Figure of 25. Scheme) afford a pretty Object for a Adicrofeope that 
magnifies very much, efpecially if it be bright weather, and the light of a 
window be caft or collected on it by a deep Convex-glaf’, or Water-ball. 
For then the whole furface ofthe Shell may be perceiv d all cover'd over 
with exceeding finall pits or cavities with intetpofed edges, almoft in the 
manner of the furface of a Poppy-feed,but that thefe holes are not an hun- 
dredth part fcarce of their bignefss the Shell; when the young ones were 


hatch'd (which I found an eafie thing to do, if the Eggs were kept ina 
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warm place) appear no thicker in proportion to its bulk,then that of 
an Hen's or Goos's Egg isto its bulk,and all the Shell appear d very white 
(which feem'd to proceed from its tranfparency) whence all thofe pit- 
tings did almoft vanifb, fo that they could not, without much difficulty, 
be difcern'd, the infide of the Shell (cem'd to be lin'd alfo with a kind of 
thin film,not unlike (keeping the proportion to its Shell that with which 
the fhell of an Hen-egg is lin'd 5 and the fhell it {elf fcem'd like common 


. Egg-íhells, very brittle, and crack’d. In divers other of thefe Eggs I 


could plainly enough, through the fhell, perceive the fmall Infect lie 


_ coyled round the edges of the fhe]l. The fhape of the Egg it elf, the 
) Figure pretty well reprefents(thouphi by default of the Graver it does 
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ded, and lying above the Paper, as it were;asit ought 
for the moft part pretty oval end-ways, fomewhat 
s a little flatted on two oppofite fides, 
Divers of thefe Eggs, as is common to moft others, I found to be bar- 
ren, or addle, for they never afforded any young ones. And thofe I 
ufually found much whiter then the other that were prolifick, The 
Eggs of other kinds of Oviparous Infe&ts I have found to be perfectly 
round every way,like fo many Globules,of this fort I have obferv'd fome 
forts of Spiders Eggs 5 and chancing the laft Summer to inclofe a. very 
large and curiouíly painted Butterfly in a Box, intending to examine its 
h my Adicrofcope, | found within a day or two after l'inclosd 
her, almoft all the inner furface of the Box cover d over with an infinite 
of exactly round Eggs, which were ftuck very faft to the fides of it, and 
info exactly regular and.clofe an order, that made me call to mind my 
Hypothefis, which! had formerly thought on for the making out of all the 
regular Figures of Salt,which I have elfewhere hinted ; for here I found 
all of themrang d into a moft exact triagonal order, much after the man- | 
neras the Hemifpberes are place on the eye of a Flys all which Eggs | 
found after a little time to be hatch'd, and out of them to come a multi- | 
tude of {mall Worms, very much refembling young Silk-worms, leaving | 
all their thin hollow fhells behind them, fticking on the Box in their érz- | 
agonal pofture 5 thefe I found with the Adicrofcope to have much fuch a | 
fübítance as the Silk-worms Eggs, but could not perceive them pitted. | 
And indeed, there is as great a variety in the fhape of the Eggs of Ovi- | 

| 


not appear fo roun 
to do) that is, it was 
like an Egg;but the other way 1t wa 


gaudery wit 


arous Infe&ts as among thofe of Birds. 
Of thefe Eggs, a largeand lufty Fly willat one time lay neer four or 
&ve hundred, fo that the increafe of thefe kind of Infe&s muft needs be 

very prodigious, were they not prey d on by multitudes of Birds, and de- 
ftroy d by Frofts and Rains; and hence 'tis thofe hotter Climates between 
the Tropicks are infefted with fuch multitudes of Locufts, and fuch other 


Vermine. 
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Obferv. XLII. Of ablue Fly. 


m kind of Fly;whereofa Microfcopical Picture is delineated in the. 4 
firft Figure of the 26. Scheme, isa very beautifull creature, and ha$ — 
many things about it very notable ; divers of which I have already part * 
defcrib'd, namely, the feet, wings, eyes, and head, in the preceding 
Obfervations. n 
And though the head before defcrib'd be that of a grey DromeFi 
yet for the mainit is very agreeable to this. The things wherein they. 
differ moft, will be eafily enough found by the following particulars: — 
Firft, the clufters of eyes of this Fly, are very much fmaller then thole 
of the Droz-Fly,in proportion to the head. Ü 
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And next, all the eyes of each clufter feem'd much of the fame bignefi 
one with another, not differing .as.the other; but:rang’d in the fame tra 
agonal order. 

Thirdly, between, thefe two clufters, there, was a {caly' prominent 
front B, which was arm'd and adorn'd. with large tapering tharp black 
brifles, which growing out in rows on either fide, were fo bent toward 
each other neer the top, as to make a. kind of arched arbour of Brifles 
which almoft cover'd the former front. di : 

Fourthly, | at the end of this Arch, about the middle of the face, ona 
prominent part C, grew two fmall oblong bodies, D.D, which-throu h 
a AMicrofcope look'd not unlike the Pendants in Lillies, thefe feem’d to be 
jointed on to two fmall parts at C; each. of which feem'd again jointed 
into the front. ! ; 

Fifthly, out of the upper part and. outfides of thefe horns. (as I may 
call them, from the Figure they are.of, in the, 24. Scheme, where they 
are marked with F F) there grows afingle feather; or bruíhy Brifle, EE, 
fomewhat of the fame kind with the tufts of a Gnat, which | have before 
deícrib ed. 

What the ufe of thefe kind of horned and tu&ed bodies fhould be, 1 
cannot well imagine,unlefs they ferve for fmellingor hearing,though how 
they are adapted for either, it feems very difficult to defcribe they. are 
in almoft every feveral kind of Flies offo various afhapes though certain- 
ly they are fome very eflential part of the ‘head, and. have fome ver 
notable office aflign'd them by Nature, fince in all Infeéts they. areto be 

. found in one or. other form. 

Sixthly, at the under part ofthe face F F >| Were feveral of the former 
fort of bended Britles; and below all, the mouth, out of the middle of 
which, grew the probofcis G H I, which,by means of feveral joints, where- 
of it feem'd to confift, the Fly was.able to move to and fro, and thruft it 
in and out as it pleasd 5 the end of this hollow body (which was all over 
coverd with fmall fhort hairs or brifles) was, as'twere, bent.at H, and 
the outer or formoft fide of the bended part, H I, flit, as it were, into 
two chaps, HI, HI, all the outfide of which where cover d with. hairs, 
and pretty large brifles; thefe he could, like two chaps, very readily 
open and fhut, and when he feem’d to fuck any thing from the furface of 
a body, he would fpread abroad thofe cha ps, and apply the hollow part 
of them very clofe to it. 

From either fide of the Probofcis, within the mouth, grew two other 
fmall horns, or fingers, K K, which were hairy, but fmall in this Figure 5 
but ofanother fhape, and bigger in proportion, in the 24. Scheme, where 
they are marked with GG, which two indeed feem'd a kind of {mellers, 
but whether fo or not, I cannot pofitively determine. 

The Thorax or middle part of this F ly, wascas' d, both above and: be- 
neath, with a very firm cruft of armour, theu per est mee round, and 
covered over with long cozcal briíles,all whole ends pointed backwards; 
out of the hinder and under part of this grew out in a clufter fix leggs, 
three of which are apparent in the Figure,the other three were hid by Ps 
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body placd in that pofture.'The leggs were all much of the fame take, 
being all of them cover'd with a ftrong hairy fcale or fhel,juft like the legs 
of a Grabb or Lobfter,and the contrivance of the joints feem'd much the 
fame s each legg feem'd made up of eight parts, 1, 253; 45 5» 6,7, 8, to 
the eighth or laft of which; grew the foles and claws, defcribed before. 
inthe 38. Obfervation. : , , 
Out of the upper part of this trunck grew the two wings, which I men- 
tion d in the 38. Obfervatien, confifting of a film, extended on ‘certain 
(mall {tiff wires or bones: thefe in à blue Fly, were much longet then 
the body; but in other kind of Flies they are of very differing propor: 
tions to the body. Thefe films,in many Flies,were fo thin,that, like feveral 
other plated bodies (mention d. in the ninth Obfervation) they afforded 
all varieties of fantaftical or tranfient colours (the reafon of which Thave 
here endeavoured to explain) they {eem’d’to receive their nourifhment 
from the {talks or wires, which feem'd to be hollow, and neer the upper 
art of the wing LL féveral of them feem'd jointed, the fhape of which 
will fafliciently appear by the black lines in the fecond Figure of the 
26. Scheme, which is a delineation of one of thofe wings expanded di- 
tectly to the eyes. 1 

All he hinder part of its body is cover'd with a moft curious blue fhi: 
ning armour, looking exactly like a polifhd piece of fteel brought tothat 
blue colour by annealing, all which armour is very thick beftuck with 
abundance of tapering brifles, fuch as grow on its back, as is vifible 
enough by the Figure. 

Nor was the infide of this creature les beautifull then its outfide, for 
cutting off a part of the belly, and then viewing it, to fee if I could dif 
cover any Veflels, fuch as are to be found in a greater Animals, and even 
in Snails exceeding manifeftly,I found,much beyond my expectation;that 
there were abundance of branchings of Milk-white veffels,no lefs curious 
then the branchings of veins and arteries in bigger terreftrial Animals,in 
one of which,I found two notable branches, joining their two main ftocks, 
asit were, into one common dud» 5 now, to what veins or arteries thele 
Veflells were analogws, whether to the vewa porta, or the meferaick ttf 
fells, or the like, or indeed, whether they were veins and arteries, of vale 
la&ea, properly fo called, T am not hitherto able to determine, having 
not yet made fufficient enquiry 5 but in all particulars, there feems not to 
be any thing lefs of curious contrivance in thefe Infeéts, then in thofe 
larger terreftrial Animals, for I had neverfeen any more curious branch- 
ings fi Veffells, then thofeI obferv’d in two or three of thefe Flies thus 

opened. 

It isa creature active and nimble, fo as there are very few creatures 
like it, whether bigger or fmaller, in fo much, that it will {cape dn 
avoid a {mall body, though coming on it exceeding fwiftly, and ifit fees 


any thing approaching it, which it fears, it prefently fquats down, as it _ 


were,that it may be the more ready for its rife, ; 
Nor isit lef hardy in the Winter, then active in the Summer, induring 


all the Frofts, and furviving till the next Summer; notwithftanding the 
Ittere 
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bitter cold of our Climate; nay, this creature will indure to be frozen 
and yet not be deftroy'd,for I have taken one of them out of the Snow 
whereon it has been frozen almoft white, with the Ice about it, and yet 
by thawing it gently by the warmth of a fire, it has quickly reviv d and 
flown about. 

This kind of Fly feems by the fteams or tafte of fermenting and 
putrifying meat (which it often kifles,as twere, with its probofczs as it trips 
over it) to be ftimulated or excited to eject its Eggs or Seed on it, per- 
haps, from the fame reafon as Dogs,Cats,and many other brute cheatures 
are excited to their particular lufts, by the fmell of their females, when 
by Nature prepared for generation; the males feeming by thofe kind 
- of fmells, or other incitations, to be as much neceflitated thereto, as 
Agua Regis {trongly impregnated with a folution of Gold,is forced to pre» 
cipitate it by the affufion of fpirit of Urive, or afolution of Salt of 
Tartar. 

One of thefe put in fpirit of Wize, was very quickly feemingly kill'd 
and both its eys and mouth began to look very red, but upon the taking 
of it out, and fuffering it to lie three or four hours, and heating it with 
the Sun beams caft through a Burning-glafs, it again reviv d, feeming, as 
it were, to have been all the intermediate time, but dead drunk, and af- 
ter certain hours to grow frefh again and fober. 


Obferv. XLII. Of the Woter-Infe& or Gnat. 


wasa finall Caled or crufted Animal, which Ihave often obferv'd 
to be generated in Rain-water 5 I have alfo obferv'd it both in Pond and 
River-water. It is fuppos'd by fome, to deduce its firft original from the 
putrifa&tion of Rain-water, in which;if it have ftood any time open to the 
air, you fhall feldom mifs,all the Summer long, of ftore of them frifking 
too and fro. 
"Tisa creature, wholly differing in fhape from any I ever obferv'd 5 nor 
isitsmotion lefsftrange: It hasa very large head, in proportion to its 
body, all covered with a fhell, like other teffaceons Animals, but it dif- 
fers in this, that ithas, up and down feveral parts of it, feveral tufts of 
hairs, or brifles, plac'd in the order exprefs‘d in the Figures It has two 
horns,whichfeem'd almoft like the horns of an Oxe.inverted,and, as neer 
asI could ghefs, were hollow, with tufts of brifles,likewife at the topsthefe 
horns they could move cafily this or that way,and might, perchance, be 
their noftrils, It has a pretty large mouth, which feem d contriv'd much 
like thofe of Crabs and Lobfters,by which, I have often obferv'd them to 
feed on water, orfome imperceptible nutritive fubftance in it. — 
I could perceive, through the tranfparent fhell,while the Animal fur- 
viv'd, feveral motions in the head, E and belly, very — 
EVE. o 


id. little creature, defcribed in the firft Figure ofthe 27. Scheme, 
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‘fering kinds which I may, perhaps, elfewhere endeavour moreac. 
E *- examine, and to (Hew of how great benefit the ufe of a MGj- 
erofcope may be for the difcovery of Nature s courfe in the operations per- 
form'd in'Animal bodies, by which we have the opportunity of obferving 
her through thefe delicate and pellucid teguments of the bodies of Infects 
acting according to her ufual courfe and way, undifturbed, whereas, 
when.we endeavour to pry intoher fecrets by breaking open the doors 
upon her, and difleéting and mangling creatures whil'ft there is life yet 
within them, we find her indeed at work, but put into fuch diforder by 
the violence offer'd, as it may eafily be imagin'd,how differing a thing we 
fhould find,if we could,as we can with a Aécrofcope,in thefe fmaller crea- 
tures, quietly peep in at the windows, without frighting her out) of her 
ufual byas. 9. 

The form of the whole creature, as it appear d in the Microfcope, may, 
without troubling you with more defcriptions, be plainly enough per- 
ceiv'd bythe scheme, the hinder part or belly confifting of eight feveral 
jointed parts, namely, A B C DEF GH, of the firft Fzgure, from the 
midft of each of which,on either fide,iffued out three or four {mall brifles 
or haits, I, 1,1, 1,1, the tail was divided into two parts of very differing 
make one of them, namely, K, having many tufts of hair or brifles, which 
feem’d to ferve both for the finns and tail, for the Oars and Ruder of this 
little creature, wherewith it was able, by frifking and bending its body 
nimbly to andfro,to move himfelf any whither,and to fkull and fteer him- 
felfas he pleas’dsthe other part, L, feem'd to be,as twere,the ninth divifi- 
on of his belly,and had many fingle brifles on either fide. From the end V, 
of which, through the whole belly, there was a Kind of Gut of a darker 
colour, MMM, wherein, by certain PerzfJaltzck motions there was a kind 
of black fubftance mov'd upwards and downwards through it fromthe 
orbicular part of it, N,(which feem'd the Veztricle,or ftomach)to the tail 


V,and fo back again, which perif/a/tick motion I have obíerv d alfo ina 


Loufe, a Gnat, and feveral other kinds of tranfparent body d Flies. The 
Thorax or cheft of this creature OO OO, wasthick and fhort, and pret- 
ty tranfparent, for throughit I could fee the white heart (which is the 
colour alfo of the bloud in thefe, and moft other Infects) to beat, and 
feveral other kind of motions. It was beftuck and adorn'd up and down 
with feveral tufts of brifles, fuch as are pointed out by P, P, P, P, the 
head Q was likewife beftuck with feveral of thofe tufts, S S $5 it was 
broad and fhort, had two black eyes, T T, which I could not perceiveat 
all pearl d, as they afterwards appear'd, and two fmall horns, R R, fuch 
as I formerly defcrib d. 

Both its motion and reft is very ftrange, and pleafant, and differing 
from thofe of moft other creatures I have obferv'd; for, where it ceafes 
from moving its body, the tail of it feeming much lighter then the reft 
of its body,and a little lighter then the water it fwims in, prefently boys 
It up to the top of the water, where it hangs fufpended with the head al- 
Ways downward and like our Aztipodes, if they do by a frifk get be- 
low that fuperficies, they prefently afcend again unto it, if they ceafe 

moving; 
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moving, until they tread, asit were, under. that fuperficies with their 
tails ; the hanging of thefe in this pofture; ‘put me in inind of a cex- 
tain creature T have feen in London, that was brought out of America, 
which would very firmly füfpend it felf by thestail, withthe head dows 
wards,and was faid to (leep in. that pofture; with her young ones in her 
falfe belly, which is a Purfe; provided by Nature fot the: production, 
nutrition, and prefervation of her young ones, which is deferibed by Pig 
in the 24. Chapter of the fifth Book of his NaturalHiftory of Brafl 

The motion of it was with the tail forwards;drawing its (elf backwards, 
by the frifking to and. fro of that tuft which grew out of one of 'the 
ftamps of its tail: It had another motion,which was more futable to that 
of other creatures, and that is; with the head forward » for bythe moving 
of his chaps (if 1 may: fo call the parts of his mouth): it was abletomove 
it felf downwards very gently towards the bottom, and did;as'twere,eat 
up its way through the water. 

But that which was moft obfervable in this creature, was, its Meta 
morphofis or changesfor having kept feveral of thefe Animals ina Glaís of 
Rain-waterjin which they were produc d; I found;after about a fortnight 
or three weeks keeping, that feveral of them flew away in Gnats,leaving 
their hufks behind them in the water floating under the: fuxface, the 
place where thefe Animals were wont to refide, whil'ft they were in- 


habitants of the water: this made me more diligently to watch them, to - 


fce if T could find them at the time of their transformations and not long 
after, I obferv'd feveral of them to be changed. into. an unufüal fhape, 
wholly differing from that they were of before) their head and body. bee 
ing grown much bigger and deeper, but not broader, and their. belly; oy 
hinder part fmaller, and coyl'd, about this great body much of the fafhit- 
oh reprcfented by the prick d linein the fecond Figure of the 27. Scheme, 
the head and hornsnow fwam uppermoft, and the whole bulk of the bo. 
dy feem'd to be grown much lighter; for when by my frighting of its! ie 
would by frifking out of itstail (in the manner exprefs'd inthe F igure 
by B C) fink it felf belowthe furface towards the bottom ; the body 
would more fwiftly re-afcend, then when it was in its former fhape. 

I ftill marked its progrefs from time to timejand found its body ftill to 
grow bigger and bigger, Nature, as it were, fitting and accoutring it 
for the lighter Element, of which it was now oing to. be an inhabitants 
for, by obferving one of thefe with my Merafioie I found the eyes: of it 
to be altogether differing from what they feem'd before, appearing now 
all over pearl'd or knobb'd, like the eyes of Gnats. as is: vifible in 
the fecong Figure by A. At length, I faw part of this creature to fwiti 
above, and part beneath the furface of the water, below which though 
it would quickly plunge it felfifI by any means frighted it,and: prefently 
re-afcend into its former poftute; after a little longer expectation, I 
found that the head and body of a Gnat,began to appear and ftand cleer 
above the furface, and by degreesit drew out its leges, firft the two for: 
moft;then the other,;at length its whole body perfect and entire appear'd 
out of the hufk (which it left in the -— ftanding on its leggs E 
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the top of the water, and by degreesit began to move; and after. flew 


about the Glafs a perfe& Grat. d 
have beén the. more particular, and large in the relation of the tran& 


formation of divéts of ithefe little Animals which I obferv'd, becaufe T 
have not found that any Authour hasobferv'd the like 5 and becaufé the 
thing it felt is fo ftrange and heterogeneous from the ufual progrefs of 
other Animals, that I judge it may not onely be pleafant,. but very 
ufefull and neceflary towardsthe compleating of Natural Hiftory. 
"Thereis indeed in Pifo, a very ocd Hiftory, which this relation niay 
make the more probable sand that is inthe 2. Chapter ofthe 4. Book of 
his Natural. Hiftory of Erafil, where ke fays;Porro preter tot documenta fer- 
silitátis circa veget abilia®  feufitiva marina telluris emula,accidit & illud, 
nod paucis à paranambucenfi auilliaribus pifcatoris uncum citra intentionem 
contingat infigi vadis petrofis;& loco pifcis pongia,coralla,aliaque arbufculas 
marinas capi. Inter bec inufitate forme prodit fpongiofa ips Hie Jefquipedis 
longitudinis, brevioribus radicibus, lapideis nitens vadis, ©» rupibus infixa, 
erigiturque in corpus fhongiofum molle oblouguta rotundum turbinatum: inius 
wpiris cancellis C alveis fabricutum, totus autem tenaci glutine inftar Apum 
propolis undique veftitum, oftio fatis patulo G» profundo in fummitate relido, 
fient ex altera conum probe depicka videre licet (fee «he. third and fourth 
Figures ofthe 27. Scheme.) Ita ut Apiarium marinum vere dixeris s primo 
enim intuitn 2 Mare ad Terram delatum uer micnlis fcatebat c&ruleis paruis, 
qua vox à calore folis in Mnícas joel Apes potius,ea[qs exignas ( nigras tranf 
formebantur; circumvelaniefque evanefcebant ja. ut de eorum mellificatione 
nibil certi con(pici datum fuerit, cum tamen carofa materia propolis Apum- 
que celle manifefte apparerent,atque i)fa mellis qualicunque jubjiantia procul- 
dubio urinatoribus patebit, ubi curidius inquifiverint bac apiaria, caque in 
natali folo c falo diverfis temporibns penitins luftrarint. 
Which Hiftory contains things füfficiently ftrange to be confider'd, as 
whether the hufk were:a Plant, growing at the bottom of the Sea before, 
of it fel£ out of whofe putrifaction might be generated thefe ftrange kind 
of Magots; or whether the feed of certain Bees, finking to the bottom, 
might there naturally form. it fel: that vegetable hive, and take root; 
or, whether it might not be placed there by fome diving Fly; or, 
Whether it might not be fome peculiar propriety of that Plant,whereby 
it might ripen or form its vegetable juice into an Animal fubftance 5. or; 


avhether it may not be of the nature of a Sponge, or rather a Spongeof 


the nature of this, according to fome of thofe relations andiconjeCturest 
formerly made of that body, is a matter very difficult to be determined. 
But indeed, in this defcription;the Excellent Pio has not been fufficiently 
particular in the fetting down the whole procefs, as it were to be withd: 
There are indeed very odd progrefles in the production of feveral kinds 
of Infedis, which are not lets inftmétive then pleafant, feveral of which, 
the diligent Goedartius has carefully obferv'd and recorded, but among 
all his Obfervations, he has none like this, though that of the Hemerobius 
FO fomewhat of this kind, which is added as an Appendix by Johannes 

ey. 
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I have, for my own particular, befides feveral o ion’ 
him, obferv'd divers her circumftances,perha ps "e MINAS, 
of, though very common, which do indeed afford.us a Very coercive arou- 
ment to admire the goodnefs and providence of the infinitely, wife Me 
tor in his moft excellent contrivances and difpenfations,I have obíérv'd;at 
feveral times of the Summer,that many ofthe leaves of divers Plants have 
been fpotted, or, as it were fcabbed, and looking on the underfides of 
thofe of them that have been but a litte irregular, Lhave perceivid them 
to be fprinkled with. divers forts of little Eggs,which letting alone;L have 
found by degrees to grow bigger, and become little Worms with leggs 
but ftill to keep their former places,and thofe places of the leaves;of Sele 
ownaccords, to be grown very protuberant upwards;and very hollow, 
and arched underneath, whereby thofe young creatures areas it were, 
Íhelter'd and houfed from external injury 5 diversleaves I have obíaiv'd 
to grow and {well fo farr, as at length perfe&ly to.inclofe the Animal 
which, by other obfervationsI have made, I ghefs to contain it; and be« 
come, as it were a womb to it, fo long, till it be fit and prepar'd to be 
tranflated into another ftate, at, what time, like (what they fay of ) Vi- 

pers, they gnaw their way through the womb that bred them; divers of 
thefe kindsI have met with upon, Goofberry leaves; Rofe-tree | leaves 
Willow leaves, and many other kinds, A : 

There are often to be found upon Rofe-trees and: Brier bufhes, little 
red tufts,which are certain knobs or excrefcencies;growing out fromthe 

Rind, or barks of thofe kinds of Plants, they are aortic with ftrange 
kinds of threads or red hairs, which. feel very foft,: and. look not unplea- 
fantly. In moft of thefe, if it hasno hole init, you fhall find certain little 
Worms, which I {uppofe to be the caufes of their production; for when 
that Worm has eat its way through, they, having. performed what they 
were defign'd by Nature to do, by degrees die and wither away. 

Now,the manner of their production, fuppofe to. be thus; that the Al- 
wife Creator has as well implanted in every creature.a faculty of know- 
ing what place is convenient for the. hatching, nutrition, and prefervati- 
on of their Eggs and of-{prings,whereby they are ftimulated and directed 
to convenient places, which becom, as 'twere the wombs that perform 
thofe offices: Ashe has alfo fuited. and adapted .a. property to thofe 
places wherby they grow and inclofe. thofe feeds, and having inclofed 
them, providea convenient nourifhment for them, ‘but as foonas. they 
have done the office of a womb, they die and wither. 

The progrefs of inclofure I have often obferv'd. in leaves, which in 
thofe places where thofe feeds have been caft, have by degrees fwell'd 
and inclosd them, fo perfectly round, as not to leave any perceptible 
paflage out. 

From this fame caufe, I fuppofe that Galls, Oak-apples, and feveral 
other productions of that kind, upon the branches and leaves of Trees, 
have their original; for if you open any of them, when almoftripe, you 

fhall find a little Worm in them... Thus, if you open never fo many dry 


Galls, you fhall find either a hole whereby the Worm has eat its paflage 
out, 


Se ETHS IMs aaa aa] 


iv 


m 
! t | 
aE oe 
Bhs ill | 5 
if É i . 
"HT 
3 1 
* 
a 
MF 


MICROGRAPHIA. 


v if vou find no paffage, you may,by breaking or cutting the Gall, 
o in kn middle of 3 a (ral cavity, and in it a fmall body, whieh does 
plainly enough yet retain a fhape, to manifeft it once to have been a 
Worm, though it dy'd bya too early feparation from the Oak on which 
it grew, its navel-{tring,as ‘twere, being broken off from the leaf or branch 
by which the Globular body that invelop d it, received its nourifhment 

Oak. 

MM tedvedg£ we confider the great care of the Creator in the difpen- 
{ations of his providences for the propagation and increafe of the race;not 
onely of all kind of Animals, but even of Vegetables we cannot chufe 
but admire and adore him for his Excellencies, but we fhall leave off to 
admire the creature, or to wonder at the ftrange kind of a&ing in feveral 
Animals, which feem to favour fo much of reafon 5 it ieeming to me moft 
manifeft,that thofe are but aCtings according to their ftru&tures; and fuch 
operations as fuch bodies, fo compos'd, muft neceflàrily, when there are 
fach and fach cireumftances concurring, perform : thus,whenwe find Flies 
fwarming,about any piece of flefh that does begin a li:tle to ferment;But- 
terflies about Colworts,and feveral other leaves,whica will ferve to hatch 
and nourifh their young’; Gnats, and feveral other Flies about. the Wa- 
ters; and marifhy places,or any other creatures, fecking and placing their 
Seeds in convenient repofitories, we may, if we attentively confider and 
examine it, find that there are circumftances fufficient,upon the fuppofals 
of theexcellent contrivance of their machine,to excite and force them to 
att after fuch or füch.a- manner 5. thofe {teams that rifle from thefe feveral 
places may; perhaps, fet feveral parts of thefe little Aaimals at work,even 
asin the:contrivance of killing a Fox or Wolf with a Gun, the movin 
of a firing, isthe death of the Animal; for the Beaft, by moving the fcth 
that is laid to entrap him, pulls the {tring which moves the trigger, and 
that lets. go the Cock which on the ftecl ftrikes certain {parks of fire 
which kindle the powder in the pann, and that prefently flies into the 
barrel, where the powder catching’ fire rarifies and drives out the bullet 
which kills the Animal’; in all which actions, there is nothing of intention 
or ratiocination to, be afcrib’d either to the Animal or Engine, but all to 
the ingenioufnefs of the contriver. 

But to return to the more immediate confideration of our Gnat: 
We have in it an Inftance, not ufual or common,of a very ftange' amphi- 
bious creature, that being a creature that inhabits the Air, does yet pro- 
duce a creature, that for fome time lives in the water as a Fifh, though 
afterward (whichis as ftrange) it becomes an inhabitant of the Air, like 
its Sire,inthe form of aFly. And this, me thinks, does prompt me to pro- 
pofe certain conjectures, as Queries, having not yethad fufficient oppor- 
tunity and leifure to anfwer them my felf from my own Experiments 
or Obfervations. 

And the firft is, Whether all thofe things that we füppofe to be bred 
from corruption and putrifaction, may not be rationally fapposd tro have 
their origination as natural as thefe Gnats, who, ‘tis very probable, 
were firft dropt into this Water, in the form of Eggs. Thofe Seeds or 


Eggs 
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Eggs mutt certainly be very fmall, which fo finall a creature as 4' Gat 
yields, and therefore: we need not wonder that we find 
themfelves, fome of the younger of them, which I have obferv'd, having 
not exceeded a tenth part of the bulk they have afterwards come to sand 
next,I have obferved fome of thofe little ones which muft have been gene: 


bably from Eggs, whereas thote creatures have been füppos'd to be bred 
of the corruption of the Water, there being not formerly: known any 
probable way how they fhould be generated, E 

A lecond is, whether thefe Eggsare immediately dropt intó the Water 
by the Gnats themfelves, or, mediately, are brought down by the falling 
rain; for it fcems not very improbable,but that thofefmall feeds of Gnats 


wing and fly into the Air, others dive and hide themíelves in the Earth, 
and {o contribute to the increafe both of the one and the other Element. 


Pofifcript. 


A good while fince the writing of this Defcription, I was prefented by 
Doctor Peter Ball, an ingenious Member of the Royal Society,with a little 
Paper of Nuts, which he told mé was fent him from a Brother of his out 
of the Countrey,from Asambead in Dewvonfhire, ome of them were loofe, 
having been, as I fuppofe, broke off others were (till growing faft on 
upon the fides of a flick, which feeth'd by the bark, pliablenefs of it, and 
by:certain ftrings that grew Out of it, to be fome piece of the root of 
a Trees they were allof them dry d, and a little fhrivell'd, others more 
round, of a brown colour’; their lhape wasinuch like a F igg, but very 
much fmaller,fome being about the bignefs of à Bay-berry others,and the 
biggeft, of a Hazel-Nut. Some of thefe that had no hole in them, I care- 
fully opened with my Knife, and found in them a good large round white 
Maggot, almoft as bigg as a fmall Pea, which feem'd fhap'd like other 
Maggots, but fhorter. I could not find them to move, though T ghefs'd 
themto bealive, becaufe upon fricking them witha Pinn, there would if 
fue out a great deal of white mucous matter,which feem'd to be from a vo- 

untary contraction of their fkin 5 their hufk or matrix confifted of three 
Coats,like the barks of Trees, the outermoft being more rough and fj pon- 
gie, and thethickeft, the middlemoft more clofe, hard, white, and thin, 
the innermoft very thin,feeming almoft like the fkin within an Egg's fhell. 
hetwo outermoft had root in the branch or ftick, but the innermoft 
had no ftem or procefs, but was onely a fkin that cover'd the cavity of 
theNut. All'the Nuts that had no holes eaten in them; I found to con- 


tain thefe Maggots, but all that had holes, I found empty, the Maggots, 
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it feems, having eaten their way through, taken wings and flown away, 
as this following account Cwhichl receiv d in writing from the fame per- 
fon, as it was fent him by his Brother) manifefts. — 47 4 moorifh black 
Peaty mould, with fome mall veins of wbitifb yellow Sands, upon occafion 
of digging a bole two or three foot deep, at the head of a Pond or Pool, to 
fet aTreein, at that depth, were found, about the end of Ottober 1663. iz 
thofe very veins of sand, thofe Buttons or Nuts, flicking to a little loofe 

ick, that is, not belonging to any live Tree, and fome of them alfo free by 
themfelves. 

Four or five of which being then open'd, fome were found to contvin 
live Infeis come to perfection, moft like to flying Ants, if sot. the fames in 
others, Infecks, yet imperfect, having but the head and wings form d, the reft 
remaining a foft white pulpy fubjtance. 

Now,as this furnifhes us with one odd Hiftory more.very agreeable to 
what I before hinted, fo 1 doubt not, but were men diligent obfervers, 
they might meet with multitudes of the fame kind, both inthe Earth and 
in the Water, and in the Air, on Trees, Plants, and other Vegetables, all 
places and things being,as it were,azimarum plena. And {have often, with 
wonder and pleafure,in the Spring and Summer-time, look'd clofe to,and 
diligently on, common Garden mould, and in a very fmall parcel of it, 
found fuch multitudes and diverfities of little reptiles fome in hufks,others 
onely creepers, many wing d, and ready for the Air ; divers hufks or ha- 
bitations left behind empty. Now, ifthe Earth of our cold Climate be fo 
fertile of animate bodies, what may we think of the fat Earth of hotter 
Climates >. Certainly,the Sun may there, by its activity, caufe as great a 
parcel of Earth to fly on wingsin the Air, as it does of Water in fteams 

and vapours. And what {warms mutt we fuppofe to be fent out of thofe 
plentifull inundations of water which are poured down by the fluces of 
Rain in fach vaft quantities? So that we need not much wonder at thofe 
innumerable clouds of Locufts with which Africa; and other hot coun- 
tries are fo peftred, fince in thofe places are found all the convenient 
caufesof their production, namely, genitors, or Parents, concurrent re- 
ceptacles or matrixes,and a fufficient degree of natural heat and moifture. 

I was going to annex a little draught of the Figure of thofe Nuts fent 
out of Devozfbire , but chancing to examine Mr. Parkinfon's Herbal 
for fomething elfe, and particularly about Galls and Oak-apples, [found 
among no lefsthen 24. feveral kinds of excrefcencies of the Oak, which I 
doubt not,but upon examination,will be all found to be the zzafrixes o 
fo many feveral kinds of Infeéts 5 I having obferv’d many ofthem my felf 
to be fo,among 24.'feveral kinds, I fay,I found one defcribed and Figur d 
direétly like that which I had by me,the Scheme is there to be feen,the de- 
{cription, becaufe but fhort, [have here adjoin'd Theatré Botanic trib.16. 
Chap. 2. There groweth at the roots of old Oaks in the Spring-timt, and 
femetimes alfo in the very heat of Summer, 4 peculiar kind of Mufprom or 
Excrefcence, cal/ d Uva Quercina, fivelling out of the Earth, many growing 


one clef unto another, of the fafbion of a Grape, and therefore tok, 


the name, the Oak-Grape, and a of a Purplifh colour en the ef 
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und white within’ like Milk, and án the end of Summer becometh hard 
and woody. Whether this be the. very fame kind, I cannot affirm, but 
both the Picture and ‘Defcription come very, neer to that I howe 
but that he feems not to take notice of the hollownefs or Worm ms 
which: "tis moft obíervable. And therefore ‘tis. very likely, ries 
did but take notice, they might find very many differing Species of thc 
Nuts; Ovaries, or Matrixer, and all of them to have much.the. fame 
defignation and office. And f haye very lately found feveral kinds of Ex- 
creícencies on Trees and Shrubs, which having endured the Winter, wp- 
on sind them, I found moft of them to contain. little Worms, but 
dead, thofe things that contain d them being wither'd. and dry, 


Obferv. XL LV... Of the tufied or Brufb-bora d Gnat. 


"H^ His little creature was one of thofe multitudes that fill our Exeliff 
‘-airall the time that warm weather lafts, and isexactly of the fhape 
of that lobferv’d to be generated and hatch'd out of thofe little Infects 
that wriggle up and down in Rain-water. But,though many were of this 
form; yet Tobferv'd others to be of quite other ‘kinds; . nor- were all 
of this or rhe cther kind generated out of Water Infectes for: whereas T 
obferv'd that thofe’that proceeded. from thofe Infects were at their full 
growth, I haye alfo found multitudes of the fame fhape,but much fmaller 
and tenderer feéming to be very young ones, creep up and downupon 
the leaves of Trees, and flying up and down in {mall clafters, in places 
very remote from Water ; and this Spring, Tobíerv'd one day, when the 
Wind was very calm, and the afternoon very fair, and pretty warm, 
though it had fora long time been very cold weátlier, and the wind con- 
tinued (Hill in the Eaft; feveral'fmall fwarms of them playing to and fro 
in little clouds in the Sun, each of which were not'a tenth part of the 
bignefs of one of thefe There have delineated, though very much of the 
famefhape, which makes.me ghefs, that cach of thefe {warms might be 
the oF{pring of one onely Gnat, which had been hoorded up in fome (afe 
repofitory all this Winter by fome provident Parent, and were now, by 
the warmth of the Spring-air, hatch'd into little Flies. ; 
"And indeed, fo various, and feemingly irregular are the generations or 
productions of Infects, that he that fhall carefully and diligently obferve 
the feveral methods of Nature therein; will have infinitely caufe further 
toadmire'the wifdóm and providence*of the Creator 5 for riot ótiely the 
fame kind of creature may be produc'd from feveral kinds of ways, but 
the very fame creature may produce feveral kinds: For,as divers Watches 


- may be made out of feveral materials; which may yet have’all the fame 


appearance,and move after the fame manner,that is(hew the hoür equa lly 
true, the one as the other, and ‘out of the fame kind of matter, like 
and;asone andthe fame Watch 

d may; 


MicroGRAPHIA. 


may; by being diverfly agitated, or mov'd,by this or that agent; or after 
this of that manner, produce a quite contrary effe& : So may it be: with 
thefe moft'cuirious Engines of Infect’s bodies; the All-wife God of Nature, 
may have fo ordered and difpofed the little Automatons, that when nou- 
rifled; acted, or enlivened by this caufe, they produce one kind of effec, 
or animate fhape, when by another they act quite another way, and ano- 
ther Animal is produc'd. So may he {fo order feveral materials, as to 
make them,by feveral kinds of methods, produce fimilar Automatons. 
But to come to the Defcription of this Infect,as it appears through a Afi- 
crofcope,of which a reprefentation is made in the 28.Scheme. Its head A, is 
exceeding fmall, in proportion to its body, confifting of two clufters of 
pearl d cyes B B, on each fide of its head, whofe pearlsor eye-balls are 
curiou(ly rang d like thofe of other Flies ; between thefe,in the forehead 
of it, there are plac'd upon two fmall black balls, C C, two long jointed 
horns, tapering towards the top, much refembling the long horns of 
Lobftéts; cach of whofe ftems or quills, D D, were brifled or brufhed 
with multitudes of {mall ftiff hairs, ifiuing out every way from the feve- 
ral joints, like the ftrings or fproutings of the herb Horfe-tail, which is 
oft obíerv'd to grow among Corn, and for the whole fhape, it does very 
much refemble thofe brufhy Vegetables , befides thefe, there are two other 
jointed and brifled horns, or feclers, E E, in the forepart of the head, and 
a probofcis, V, underneath,which in fome Gnats are very long, ftreight 
hollow: pipes, by which thefe creatures are able to drill and penetrate 
the fkin, and|thence, through thofe pipes fuck fo much bloud asto ftuff 
their bellies fo full till they be ready to burft. 

This fmall head,with its appurtenances,is faftned on by a fhort neck,G, 
to the middle ofthe thorax, whichis large, and feems cafed with a ftrong 
black fhel,H IK, out of the under part of which, iffue fix long and (lender 
legs;L LL E LL, fhap d juft like the legs of Flies, but {pun or drawn out 
longer and flenderer,which could not be exprefs'd.in the Figure,becaufe 
of their great length ; and from the upper part, two oblong, but flender 
tranfparent wings, M M, fhaped fomewhat like thofe of a Fly,underneath 
each of which, asI have obferv'd alfo in divers forts of Flies, and other 
kinds of Gnats, was placed a fmall' body, N, much refembling a drop 

eae of fome tranfparent glutinous fubftance, hardned or cool'd,.asit wasal- 
bye d moft ready to fall, for it hasa round knob at the end; which by, degrees 


this ftem again grows bigger ; thefe little Pezduluzzs,as I may fo call them, 
the litle creature vibrates to and fro very quick when it moves its wings, 


{till, but always their. motion. feem'd to further the motion of the wing 
ready to follow. of what ufe they are, asto the moving of the wing, or 
otherwife, I have not now time to examine. à; 

Its belly was large,as it is ufually in all Infe&s, and extended into nine 
rue lengths or partitions, each of which was. cover d with round armed rings 
HEU or fhellss. fix of which, OP QRS T. weretranfparent, and divers kinds 

PUn of PerifLaltick, motions might be very.eafily perceiv d, whil'ft the Animal 
was 


growsflenderer intoa {mall ftem.and neer the infertion under the. wing, . 


and. I have fometimes obferv d it to move them alfo, whil {tthe wing lay - 
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Was alive, but efpecially a fall cleer white part V, fecined to beat like 
the heart ofa larger Animal. The laft three divifios, W X Y, wereco- 
verd with black and opacous fhells.. | To conclude, take this creature 
altogether, and for beauty and curious contrivances, it may be com reed 
with thelargeft Animal upon theEarth. Nor doth the Alwife iamen. 
feem to have fbewn lefscare and providence. iti the fabrick of it théhiti 
thofe which feem moft confiderable. : 


———À 


Oblerv. XL V. Of the great Bellyd Gnat or female Griat; 


He fecond Gnat , delineated in the twenty ninth Scheme; is of 4 

very diflcring fhape from the formersbut yet of this fort alfo. found 
feveral of the Gnats, that were generated out of the Water Infect : the 
wings of this, were much larger then thofe of the other, and the belly 
much bigger, fhorter and ofan other Íhape:. and, from feveral particu- 
Jars, I gheft it to be the Female Gnat, and the former to be the Male. 

The thorax of this, was much like that of thé other,havinga very {trong 
and ridged back-piece, which went alfo on either fide of its leggs; about 
the wings there were feveral joynted pieces of Armor, which fcem'd cu: 
rioufly and conveniently contriv d, for the promoting and ftrengthning 
the motion of the wings:its head was much differing from ‘the other;being 
much bigger and neater fhap'd, and the hornsthat grew out between his 
eyes on two little balls, were of a very differing fhape from the tufts of 
the other Gnat, thefe having but a few knots or joynts, and each of 
thofe but a few, and thofe fhort and ftrong, brilles. The formoft horns 
or feelers, were like thofe of the fortner Gnat. 

One of thefe Gnats I have fuffer'd to pierce the fkin of my hand, with 


 itsprobofceis, and thence to draw out as much blood as to fill its belly 
. asfullasitcould hold, making it appear very red and tranfparent 5 and 


this without any further pain, then whil ft it was finking in its probofcis, as 
it is.alfo in the ftinging of Fleas: a good argument, that thefe creatures 
do not wound the fkin, and fuck the blood out of enmity and revenge, 
but for meer neceflity, and to fatisfy their hunger. ' By what means this 
creature is able to fuck, we fhall fhew in another place, 


Obferv. XLVI. Of the white featherwing'd Moth or Tinea 
Argentea. 


' E His white long wing d Moth; which is delineated in the 30.8 chemes 
B afforded alovely obje& both tothe naked Eye,and through a 44- 


crofcobe s to the Eve it appear d afmall Milk white Fly with four white 
dd : : pdo Wings 
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Wings, the two formoft fomewhat longer then the two hindermoft, and 
thetwo fhorter about halfan Inch long; each of which four Wings feem'd 
to confift of two {mall long Feathers, very curioufly tufted, or haired on 
each fide, with purely white, and exceedingly fine and {mall Haires, pro- 
portion d to the ftalks or ftems, out of which they grew, much like the 
tufts of along wing-feather of fome Bird, and their {talks or ftems were, 
like thofe, bended backwards and downwards, as may be plainly feen by 
the draughts of them in the Figure. 

Obferving one of thefe in my Microfcope,\ found jn the firft place, that 
all the Body,Legs, Horns and the Stalks of the Wings, were covered over 
with various kinds of curious white Feathers, which did, with handling 
or touching, eafily rubb off and fly about, in fo much that looking on my 
Fingers, with which I had handled this Moth, and perceiving on them lit- 
tle white fpecks, I found by my Microfeope, that they were feveral of the 
{mall Feathers of this little creature, that ftuck up and down in the rz- 
gofities of my Skin. 

Next, I found that underneath thefe Feathers, the pretty Infect was co- 
vered all over witha crufted Shell, like other of thofe Animals, but with 
one much thinner and tenderer. 

Thirdly, Ifound, as in Birds alfo is notable, it had differing and ap- 
propriate kinds of Feathers, that covered feveral parts of its body. 

Fourthly, furveying the parts of its body, with amore accurate and 
better Magnifying Adicrofcope, [found that the tufts or haires ofits Wings: 
were nothing elfe but a congeries, or thick fet clufter of {mall vimina or 
twiggs, refembling a fmall twigg of Birch, ftript or whitned, with which 
Bruthes are ufüally made, to beat out or bruíh off the duft from Cloth 
and Hangings. Every one of the twiggsor branches that compofed the 
Brufh of the Feathers, appeared in this bigger Magnifying Glafs (of which 


EF which reprefents 77- part of an Inch, is the feale, asG is of the leffer, . 


whichis onlyi) likethe figureD. The Feathers alfo that covered a 
part of his Body, and were interfperfed among the brufh of his Wings, I 
found,in the bigger Magnifying Glafs, of the fhape A, confifting of a ftalk 
or ftem in the middle, and afeeming tuftednefs or brufhy part on each 
fide. ‘The Feathers that cover'd moft part of his Body and the ftalk of 
his wings, were,in the fame Adicrofcope, much of the figure B, appearing o 
the fhape of a fmall Feather, and Ícemed tufted : thofe which covered 
the Horns and {mall parts of the Leggs, through the fame Microfcope, ap- 
peardofthe fhapeC. Whether the tufts of any or all of thefe {mall 
Feathers, confifted of fuch component particles as the Feathers of Birds, 
I much doubt, becaufe I find that Nature does not alwaies keep, or ope- 
rate after the fame method, in fmaller and bigger creatures. n 
of this, we have particular Inftances in the Wings of feveral creatures. 


For whereas, in Birds of all kinds, it compofes each of the Feathers of 


which its Wing confifts, of fuch an exceeding curious and moft admirable 
and ftupendious texture, as I elfe wherefhew; in the Obfervations on à 
Feather; we find it to alter its method quite, in the fabrick of the Wings 
of thefe minute creatures, compofing fome of thin extended membranes 
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or fkins, fuch as the Wings of Dragon-flys ;. in others; thofe fkinsare all 
over-grown, or pretty thick beftuck, with fhort brifles, as in Flefh:flies s 
in others, thofe filmes are covered, bothon the upper and under fide 
with {mall Feathers, plac'd. almoft like the tyles ona Houfe; and are 
curioufly rang'd and adorn'd with moft lively: colours; as is ob- 
fervable in Butter-flies, and feveral kinds of Moths In others, inftead of 
their films, Nature has provided nothing, but à matter of half:a (core 
ftalksCif I well remember the numbers for [ have notlately met with any 
of thele flys, and did not,when I firft obfetvd them, take füfficient notice 
of divers particulars ) and each of thefe ftalks, witha few fingle brancli- 
ings On each fide, refembling much the branched back-bone of a Herring 
or the like Fifh, or a thin hair'd Peacocks feather, the top. orthe eye 
being broken off. With afew of thefe on cither (ide(which it was able to 
fhutupor expand at pleafüre, much like a Fann; or rather like the po- 
fture of the feathers in a wing, whichly all one under another, «when 
fhut, and by the fide of each other, when expanded) this pretty little 
grey Moth (for fuch was the creature I obíerv'd, thus wing’d) could ves 
ry nimbly, and as it feem’d very eafily move its corpujcle , through the 
Airfrom place to place. Other Infeéts have theit wings cas d, or cover'd 
over, with certain hollow fhells, fhap'd almoft like thofe hollow Trayes, 
in which Butchers carry meat, whofe hollow fides being turn’d down- 
wards, do nct only fecure their folded wings from injury of the earth, 
Jin which. nioft of thofé creatures refide, but-whilfe they flys feryesas.a 


help to fuftain and bear them up. - And thefe-are obférvablé in Scarabees 
and a multitude of other terreftrial cruftaceous Infects 5 in whichwe'may 
yet further obferye a particular providence of Nature. 
«Now in all thefe kinds of wings, we obferve this particular, asa thing 
Moft worthy remark; that where ever’ a wing confifts of difcontinued 
parts, the Pores or zzterflitia between thofe parts are very feldom, either 
"much bigger,or much fmaller, then thefe which we here find between the 
particles of thefe brufhes, fo that it fhould feem to intimate, that the 
‘Parts of the Air are fuch, that they will not eafily'ór readily; if at all; pafs 
through thefe Pores, fo that they feem to be ftrainers fine enough to hin- 
der the particlesof thé Air (whether hinder’d by ‘their bulk; or by their 
Mitation, circulation, rotation or undulation , Yfhall not here determine) 
from getting through them;and,by that ‘means,ferve the Animal as welldf 
not better, then if they were little films.’ T fà y, if not better;becaufel 
have obferv'd that all thofe creatures, that have film'd wings, ‘move them 
aboundantly quicker and more ftrongly, fuch as all.kind of Flies and Sta- 
rabees and Batts, then fuch as have their wings»eovered. with feathers, as 
Butter-flies and Birds, or twiggs, as Moths, which haye each of them a 
much flower motion of their wings; That little rugeednefs perhaps of 
their wings helping them fomewhat,by taking betrer-hold of theparts of 
the Air, or not fuffering them fo eafily to pafs by, any other way then one. 
But what ever be the reafon of it, “tis moft evident; that the {mooth’ 
wing'd Infects have the ftrongeft Mufclesor movent parts of their wings, 
and the other much weaker; and this very Infect; we are now deícribing; 
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had a very ímall thorax or middle part of his body; if compar'd to the 
Jength and number of his wings 5 which therefore, as he mov d them ves 

kly. And this laft propriety do 


ilowly.fo mufthe move them very weak! | : 
we find fomewhat obferv'd alfo in bigger kind of Flying creatures,Birds5 
fo that we fee that the Wifdom and Providence of the All-wife Creator, 


isnot lefs fhewn in thefe fmall defpicable creatures, Flies and Moths, 
which we have branded with a name ofignominy, calling them Vermine, 
then in thofe greater and more remakable animate bodies, Birds. 

I cannot here ftand to add any thing about the nature of flying, 
though, perhaps, on another occafion, I may fay fomething on that fub- 
ject, it being fach asmay deferve a much more accurate examination and 

hitherto met with; For tome: there feems nothing 


fcrutiny then it has 
wanting to make à man able to fly, but what may be eafily enough fup- 
fave onely the want o! 


lyd from the Mechanicks hitherto known, 
ftrength, which the Mufcles of a man feem utterly uncapable of, by rea- 
ftrength alfo may beme- 


fon of their fmalnefs and texture, but how even 
chanically made, an artificial Mufcle fo contriv d,that thereby a man fhall 


be able to exert what ftrength he pleafes, and to regulate it alíoto his 
own mind, I may elfewhere endeavour to manifeft. 


rina atn i ren n 


Obferv. XLVIL Of the Shepherd Spider, or long leggd 
Spider. : | 


T'He Carter,Shepherd Spider,or long-legg d Spider,has, for two parti- 
X. cularities, very few fimilar creatures that I have met with; the firft, 


which is difcoverable onely by the Microfcope, and isin the firft and fe- 
'd, is the curious contri- 


cond Figures of the 31. Scheme, plainly deícrib 
vance of his eyes, of which (differing from moft other Spiders) he has 
onely two, and thofe plac'd upon the top of a fmall pillar or hillock,rifing 
out of the middle of the top of its back, or rather the crown of its head, 
for they were fixd on the very top of this pillar (which is about the 
heighth of one of the tranfverfe Diameters of the eye, and look’don in 
another pofture,appear d much of the fhape, BCD) The two eyes, BB, 
were placedback to back, with the tranfparent partsjor the pupils, look- 
ing towards either fide, but fomewhat more forward then backwards. 
C was the column or neck on which they ftood, and D the crown of the 
head out of which that neck fprung. 
Thefe eyes,to appearance, (cem'd to be of the very fame ftruéture with 
that of larger binocular creatures, feeming to have a very {mooth and ve- 
ry protuberant Cornea,and in the midft of it to have a very black pupil, 
incompaffed about with a kind of grey Zr#, as appears by the Figures 
whether it were able to move thefe eyes to and fro, [have not obferv d, 
but ‘tis not very likely he fhould,the pillar or neck C, feeming to be co- 
ver d and ftiffen'd with a crufty fhell 5 but Nature,in probability;has mp 
py 
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ply'd that defect, by making the cor . 
it fo cleer above the fhaddwitie or SHOES tange: e Reed 
that tis likely each eye may perceive,though not fee diftingy as fa 
cout ii whence vi fo fall and bd a body plac'd pi 
ong leggs, it is quickly able fo to wind, and turn it. as to (ec any thi 
diftiné. This creature, as do all other pidéde PRI: t EDT ER. 
very much differ from moft other iiec 3 the Tian óE ud We ^ for 
I cannot, with my beft Microfeope, difcover its eyes to b jos PH 
sate or ade like thofe of other Infedts. : DELE 
€ lecond Peculiarity which is obvious le eye, i , 
markable, and that is the prodipieid eap OP a Beri a ux ae 
its {mall round body, each legge of this I drew Being above tirer rio 
the length of its whole body, and there are fome which have the ivi 
longer, and others that feem of the fame kind,that have thesi a p 
fhorter 5 the eight leggs are each of them jointed, juft like ke of a 
Crab, but. every, of the parts, are {pun out prodigioufly longer in pro- 
portion; each of thefe leggs aré terminated in a fmall cafe or {hell the d 
almoft like that of a Mufle-fhell, as is evident in the third lise of the 
fame Scheme (that reprefents the appearance of the under part or belly 
ofthe creature) by the fhape of the protuberant conical body, TIT I, ee 
Thefe are as 'twete plac'd or faften’d on to the protuberant body of the 
Infect,which isto befuppos'd very high at M,making a kind of bug: cone 
whereof M is to be füppos'd the Apex, about which greater cone of the 
body,the fmaller cones of the leggs are plac d,each of them almoft reach: 
ing to the top info admirable a manner, as does not a little manifeft the 
wiidom of Nature in the contrivance 3 for thefe long Leavers (asI may fo 
call them )of the legs,havingnot the advantage ofa long end on the other 
fide of the bypezochlion or centerson which the parts of the leggs move 
muft neceflarily require a vaft ftrength to move them, and keep the 
body ballanc'd and fufpended, in fo much, that if we fhould fuppofe a 
man’s body fufpended by fuch a'contrivance, an hundred and fifty 
timesthe ftrength of a man would not keep the body from falling on the 
breaft. To fupply therefore each of thefe leggs with its proper ftrength 
Nature has allow d to eacha large Cheft or Cell; in which is included a 
very large and ftrong Mufcle, and thereby this little Animal is not onely 
able to ffpend its body upon lefs then thefe eight, but to move it very 
fwiftly over the tops of grafs andleaves.. — . EI^ 
Nor are thefé eight leggs fo-prodigioufly long; but the! ninth; and 
tenth, which are the two claws, K K, are as (hott,and ferve in fteed of a 
probofcis, for thofe (eem d very little longer then his mouth; each of.them 
had three parts, but very fhort, the joints K K, which reprefented 
the third, being longer then) both :the othersycThis | creature; feems 
(which [have feveral times with pleafure obferv’d) to throw its body 
upon the prey, infteed of its hands, not unlike a hunting Spider, which 
leaps like a Cat‘at a Moufe.. The whole Fabrick was a very pretty one, 
and could I have diflected it,I doubt.not but I (hould have found.as'ma- 
uy fingularities within it as without,perhaps, for the moft part,not unlike 
the 
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ich this little creature does in many things; very 


much refemble; the curiofity of whofe contrivance,| have in another place 
examin'd. 1 omit the dcfcription of the horns, AA, of the mouth, LL, 
which feem’d like that of a Crab ; the fpecklednefs of his fhell, which 
proceeded from a kind of feathers or hairs, and the hairinefs of his leggs, 
his large thorax and little belly, and the like, they being manifefted by 
the Figure 5 and {hall onely take notice that the three parts ofthe body, 
namely, the head, breaft,and belly,are in this creature ftrangely confus d, 
fo that ‘tis difficult to determine which is which,as they are alfo ina Crab; 

and indeed, this feemsto be nothing elfe, but an Air-crab, being made 

more light and nimble, proportionable to the medium wherin it refides ; 

houfandth part of the body of Water, fo 


_andas Air feems to have but one t 
does this Spider feem not to bea thoufandth part of the bulk of a Crab. 


the parts of a Crab, wh 


Obfev. XL VIII. Of the bunting Spider, and feveral other forts 
of Spiders. 
He hunting Spider is à fmall grey Spider, prettily befpeck'd. with 
black fpots all over its body, which the Microfcope difcovers to bea 
kind of feathers like thofe on Butterflies. wings, or the body of the 
white Moth I lately defcrib’d. Its gate is very nimble by fits, fometimes 
running, and fometimes leaping, like a Grafhopper almoft,then ftanding 
(till, and fetting it felf on its hinder leggs, it will very nimbly turn its 
body, and look round it felf every way : It has fix very confpicuous 
vo looking direétly forwards, placd juft before 5 two other, on 


eyes, two 
either fide of thofe, looking forward and fide-wayssand two other about 
ook backwards and 


the middle of the top of its back or. head, which | 

fide-wards; thefe feem'd to. be the biggeft. The furface of them all was 
very black,{pharical, purely polith’d, reflecting a very cleer and diftin 
Image of all the ambient objects, fuchas a window,a man's hand,a white _ 
Paper, orthe like. Some other properties of this Spider, obferv'd by the 
moft accumplifh'd Mr. Evelz, in his travels in Italy, are moft empha- 
tically fet forth in the Hiftory hereunto annexed, which he was pleas 


uponmy defire to fend me in writing. 

Of all the. forts.of Infeds,. there is none has afforded.me 
more divertifements then the Venatores, which are a fort of Lapt, 
that have their Denns in. the rugged walls, and crevices of our 
houfes ; a {mall brown and. delicately fpotted kind of Spiders 
whofe hinder leggs are longer then the dere cape. "m 

arly 


“Such I did frequently obferve at Rome; which efpying 


at three or four yards diftance;upon the Balcony (where Ha 
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Would not make dire&ly to her, but-crayb under the Raiktith 
being arriv'dto the Antipodes, it would fteal up, feldom\mifting; 
itsaim ; but if it. chanced to want any thing of being perfe&tly 
oppofite,would at. firft peep, immediatly flide down, again, till 
taking better notice, it would come the next time exattly "upon 
the Fly’s back: But, if this hapn’d not to be vitlina compe- 
tent leap, then would this Infect move. fo foftly, .as the very 
fhadow of the Gnomon feem'd not to be more imperceptible, 
unlefs the Fly mov'd ; and then would the Spider move, alío.in 
the fame proportion, keeping that juft time with her motion,as 
ifthe fame Soul had animated both thofe little bodies ; and 
whether it were forwards, backwards, or to either fide, without 
at all turning her body, like a well marinag d Horfe; Bur, if 
the capricious Fly took wing, and pitch'd upon another. place 
behind our Huntrefs, then would the Spider whirle its body fo 
nimbly about, as nothing could be imagin'd.. more fwift ; by 
which means,fhe always kept the head towards her prey,though 
to appearance, as immovable,. as if it had been. a Nail driven 
into the Wood, till.by that indifcernable progrefs (being ar- 
tivd within the {phere of her reach) fhe-made a fatal leap 
(fwift as Lightning) . upon the Fly, catching him in;thé pole, 
where fhe never quitted: hold «ill-her belly ‘was full; and then 
carried the remainder home., 1 have beheld. them inftructing 
their young ones, how to hunt, which they. would: fometimes 
difcipline for not well obferving; but, when any of che old 
ones: did. (as fometimes) mifs a leap, they .would runout, of 
the field, and hide them in their»crannies;' as afham'd; and 
haply not be feen abroad for four. or five “hours aftet;" for fo 


- long have I watched the nature of this ftrange Infett;the:con- 


templation of whofe fo wonderfull fagacity and 'addiefs ‘has 
amaz'd me; nor do I find. in any chafe whatloever, more.cun- 
ning and Stratagem obferv'd: T have found fome of chefe Spic 
ders in my Garden, when the weather (towards the Spring) 
me re is 
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is very hot, but.they are nothing fo eager of hunting as they. 
are in ttaly. - | ti 


"There aré multitudes of other forts of Spiders, whofe eyes, and moft 
other parts and properties, are fo exceedingly different both from tliofe 
I have deferib'd, and from one another, that it would be almoft endlefs, 
at leaft'too long for my prefent Eflay, to defcribe them,as fome with fix 
eyes, placd in quite another order 5 others with eight eyess others with 
fewer, afid fome with more. They all fcem to be creatures of prey;and 
to feed. on other {mall Infetts, but their ways of catching them feem ver 
differing : the Shepherd Spider by running on his prey 5 the Hunting Spi- 
der by leaping on it,other forts weave Nets, or Cobwebs, whereby they 
enfnare them, Nature having both fitted them’ with materials and tools, 
and taught them how to work and weave their Nets, and to. lie per. 
due, and to watch diligently to run on any Fly, as foon as ever en. 
tangled. had 

Their thread) or web feems to be {pun out of fome vifcous kind of 
excrement, lying in their belly, which, though foft when drawn out, is, 
prefently by reafon ‘of its fmalnefs, hardned and idtied by the ambient 
Air. Examining feveral of which with my Microfeope,1 found them to ap- 
pear much like white Horf-hair, or fome fuch tranfparent horny fubftance, 


" nd to be of very differing magnitudes; fome appearing as bigg aa 


Piggsbrifle, others equal to a Horfs-hair 5 other no bigger then a mans 
hairs others yet fmaller and finer, 1 obferv'd further, that the radia- 
ting chords of the web were much bigger, and fmoother then thofe that 
weré woven round, which feem’d fmaller,and all over knotted or pearld, 
ith fmall tranfparent Globules, not unlike {mall Cryftal Beads.or feed 
earls, thin ftrung on a Clew of Silk; which, whether they were fo fpun 
wi tlie Spider, or by the adventitious moifture ofa fogg (whichlIhave 
obíerv'd: to cover all thefe filaments with fuch Cryftalline Beads). I will 
not now difpute.:. | ! 
"Thefe threads were fome of them fo fmall, that I could very plainly, 
with the Aierofcope,: difcover the fame confecutions of colours as in à 
Prifje, and they ícem'd to proceed from the fame.caufe with thofe co 
lours which I have already Via in thin plated bodies. ...* 


~ Mitch ‘tefembling 4 Cobweb , ‘or à confüsd lock of. thefeCylim — 
ders, i$ á certain white fubftance which, after a fogg, may; bebfervd . 
to fly up and down the Air; catching feveral of thefe, and examining — 
theft with my A4icrofcope, 1 found them to be much of the fame form, — 


looking moft like toa flake of Worfted prepar'dto be fpun;: eh 


by what means they fhould be generated, or. producd, is .not eafily E 


imagined : they were of the fame weight, or very little heavierthen the 
Air 5 and ‘tis not unlikely, but that thofe ee white Clouds, that appear 
all the Summer time, may be of thefame fubltance, , 2 Das. Sg 
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whence they would fally out in great parties, and make moft grievous 
havock of the Flowers and Fruits, inthe ambient Garden, and return 
back again very expertly, by the fame wayes and paths they went. 

It wasmore then half the bignefsof an Earwig,'of.a dark brown, or 
reddifh colour, with long legs, onthe hinder of which it would ftand 
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Obferv. XLIX,. Of an Ant or Pifmire, 


His was a creature, more troublefom to bé drawn, then any of the 
reft, for I could not, for a good while; think of a wayto make it 
fuffer its body to ly quiet ina natural pofture; but whil'ft it was alive, 
if its feet were fetterd in Wax or Glew , it would fo twift and wind its 
body, that I could not any wayes geta good view of it 5 and if I killed 
it, its body was folittle, that I did often fpoilethe fhape of it, before I 
could throughly view it: for thisisthe nature of thefe minute Bodies , 
that as {oon,almoft, as ever their life is deftroy’d, their parts immediate- 
ly fhrivel, and tofe their beauty s and fois it alfo with fmall Plants,asI 
inftanced before, in the defcription of Mofs. And thence alfo is the rea- 
fon of the variations inthe beards of wild. Oats, and in thofe of Mufk- 
grafs feed, that their bodies, being exceeding fmall, thofe {mall variations 
which are made in the ‘furfaces of all bodies, almoft upon every change 
of Air, efpecially if the body be porous, do here become fenfible, where 
the whole body is fo fmall, that it is almoft nothing but furfaces for asin 
vegetable fub{tances, I fee no great reafon to think, that the moifture of 
the Aire(that, {ticking to a wreath'd beard, does make it untwift )íhould 
evaporate, or exhale away, any fafter then the moifture of other bodies, 
but rather that the avolation from, or accefs of moifture to, the furfaces 
of bodies being much the fame ,: thofe bodies become moft fenfible of it, 
Which have the leaft proportionof body to their furface. So isit alfo 
With ‘Animal fübftances 5 the dead body of an Ant, or fach little creature; 
does almoft inftantly fhrivel and dry, and your objet fall. be quite an- 
other thing, before you can half delineate it, which proceeds not from the 
extraordinary exhalation, but from the {mall proportion of body and. jui- 
ces, to theufual drying of bodies in the Air; efpecially if warm... For 
Which inconvenience, where I could not otherwife remove it, I thought 
of this expedient. 
I took the creature, [had defign d to deiineate, and put it into a drop 


| Of very well rectified fpirit of Wine,thisI found would prefently diípatch, 


asit Were, the Animal, and being taken out of it; and lay'd ona paper; 


the fpirit of Wine would immediately fiy away, and. leavethe Animal 


Ty; in its natural pofture, or at leaft, in a conttitution, that it might eaft- 
ly witha pin be placd; in what pofture you defired to draw it; and the 
limbs would fo remain, without either moving, or fhriveling. And thus I 


— dealt with this Ant, which I have here delineated, which was one of; ma- 

© ny, of a very large kind; that inhabited under the Roots of a Tree, from 

— Whence they would fally out in great parties, and make moft gricvous 

— havock of the Flowers and Fruits, inthe ambient Garden, and return 
— back again very expertly, by the fame wayes and paths they went. 
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It was more then half the bignefsof an Earwig; of. a dark brown, or 


- teddith colour, with long legs, onthe hinder of which it would ftand 
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uld above the ground, that it might 
the fane manner asI havealfo ob- 


up,and raife its head as high as it co 
tting my finger towards them, 


{tare the further about it, juft after 


ferv'd a hunting, Spider to do: and pu 
they have at Grft all run towards it till almoft at 1t 5 and then they would 


ftand round about it, at a certain diftance, and fmell, asit were, and con- 
fider whether they fhould any of them venture any further, till one more 
bold then the reft venturing to climb it,all the reft, if I would have fuffer- 
ed them, would have immediately followed : many fach other feeming- 
ly rational actions I have obferv’d inthis lxtle Vermine with much plea- 
fure,which would be too long to be here related 5. thofe that defire more 
of them may fatisfie their curiofity in Ligazs Hiftory of the Barbadoes, 
Having infnar d feveral of thefe into a {nall Box, I made choice of the 
talleft grown among them, and {eparating it from the reft,l gave ita Gill 
of Brandy, or Spirit of Wine, which after a while e'en knock d him down . 
dead drunk, fo thathe became movelc&, though at firft putting in he 
ftruggled for a pretty while very much, till at laft, certain bubbles iffu- 
ing out of its mouth, it ceafed to move 5 this (becaufe I had before 
found them quickly to recover again, if they were taken out prefently ) 
i fuffered to lye above an hour in the Spirit; and after I had taken it 
out, and put its body and legs into a natural pofture, remained move- 
lefs about an hour; but then , upon afudden, asif it had been awa- 
ken out of a drunken flcep, it fuddenly revived and ran away; be: 
ing caught, and ferv d as before, he for a while continued ftruggling and 
ftriving,till at laft there iffued feveral buobles out of its mouth,and then, 
iauquam animam expiraffet, he remained movelefs for a good while 5 but 
at length again recovering, it was againredipt, and fuflered to lyefome 
hours in the Spirit 5 notwithftanding which, after it had layen dry 
(ome three or four hours, it again recovered life and motion : Which 
kind of Experiments, if profecuted, which they highly deferve, feem 
to me of no inconfiderable ufe towards the invention of the Latent 
Scheme, (as the Noble Verulam calls it) or the hidden, unknown Texture 
of Bodies. 
Of what Figure this Creature appezrd through the Microfcope , the 
32. Scheme ( though not fo carefully graven as it ought ) will repre- 
fent to the eye, namely, Thatit had a large head A À,. at the upper 
end of which were two protuberant eyes, pearl'd like thofe of a Fly, 
but fmallerB B ; out of the Nofe,or foremoft part, iffued two horns C( 
of a fhape fufficiently differing from thofe of a blew Fly, though indeed 
they feem to be both the fame kind o: Organ, and to ferve for a kin 
of fmelling ; beyond thefe were twoindented jawsD D, whichheo: 
pen'd fide-wayes, and ‘was able togape them afünder very wide 5 an 
the endsof them being, armed with tech, which meeting went between 
each other, it was able to grafp and hold a heavy body ; 
times the bulk and weight of itsown body : It had only fix legs, fbapd 
like thofe-of aFly, which, as] fhewed before, is an Argument that itisa 
winged Infect, and though I could not perceive any fign of them inthe 


middle part of its body .( which feemd to confift of three joints or ple- 
‘ ces 


three or four 


wll 


ist 
hir 
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ces EF G, out of which fprung two legs, yet ‘tisknown that there are 
of them that have long wings, and fly up and down in the air. 
The third and laft part of its body I EI was bigger and larger then 
the other two, unto which it was jovn'd by a very {mall middle and 
had a kind of loofe fhell, or another diftin& part of its body H whidli 
feem'd to be interpos'd, and to keep the thorax and belly fein touch- 
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The whole body was casd over witha very {trong armour, and the 
belly 111 was covered likewife with multitudes of {mall white fhining 
brifles the legs, horns, head, and middle partsof itsbody were beftuck 
with hairs alío , but fmaller and darker. 


à 
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Obferv. L. Of tbe wandring Mite. 


little pretty Creatures to wander to and fro,and often to travel over 

the plains of my Window. And in September and OGober. 1663. 1 ob- 

_ ferv'd likewife feveral of thefe very fame Creatures traverfing a window 
Bx London, and looking without the window upon the fubjacent wall, £ 
found whole flocks of the fame kind running toand fro among the {mall 
grovesand thicketsof green mofs, and upon the curioufly fpreading ve: 
getable blew or yellow miofs, which is a kind of a Muthrome or Jews- 

ET car 
1 Thefe Creatures to the naked eye feenied to be a kind of black Mite, 
! but much nimbler and ftronger then the ordinary Cheefe-Mites; but 
I ekamining themin a Jdicrofcope ; fond. them to be a very fine crufted 
1 
‘a 


| 
| 
ie September and OG'ober, 1661. 1 obferv'd in Oxford feveral of thefe 
. 


oríhell'd Infe&, much like that reprefented in the firft Figure of the 
thteeand thirtieth $c5ezze, with a protuberant oval fhell A, indented 
or pitted with an abundance of fmall pits ; all covered over with little 
white brifles, whofe points all direded backwards. 
3 It had eight legs, each of them provided witha very fharp tallon, of 
j| claw at the end, which thislittle Animal, inits going, faftned into thé 
( poresof the body over which it went. Each of thefe legs were beftuck 
|. inevery joynt of them with multitudes of finall hairs, or ( if we re- 
|. fpe& the proportion they bore to the bignefs of the leg ) turnpikes, all 
pointing towards the claws. 

The Thorax,or middle parts of the body of this Creature;was exceed- 
ingímall, in refpect. bothof the head and belly, it being nothing but 
that part which wascoveredby the two fhells BB, thoughit feem d to 
grow thicker underneath: And indeed, if we confider the: great 
variety Nature ufes in proportioning the three parts of the body, 
the Head, Thorax, and Belly ) we fhall not wonder at the firiall pro- 
portion of this Thorax, nor at the vafler bulk of the belly, for could 
we exa&tly anatomife this little Creature, and obferve the particular de- 


figns of each part; sve fhould doubtiefs, as we doin all her more ma- 
nageable 
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bricks, find much more reafonto admire the 


pageable and tractable fa | I 
nce and workmanthip, then to wonder, it was 


excellency of her contriva 


not made otherwife. | at 
"The head of this little Infect was fhapd fomewhat like a Mites, that 


is.it had a long fnout , in the manner of a Hogs, with a knobbed ridge 
running along the middle of it, which was beftuck on either fide with 
many {mall brifles, all pointing forward, and two very large pikes or 
horns, which rofe from the top of the head, juft over each eye, and 
pointed forward alfo. It had two pretty large black eyes on either fide 
of thehead EE, from one of which I could fee a very bright reflection 
of the window, which made me ghefs, that the Corzea of it was {mooth, 
like thofe of bigger Infects. Its morion was pretty quick and ftrong, 
it being able very eafily to tumble a {tone or clod four times as big as its 
whole body. 

At the fame time and place, and divers times fince, [have obferved 
with my Aficrofcope , another little Infe& , which, though I have not an- 
nexed the picture of, may be worth noting, for its exceeding nimblenefs 
as well as fmalnefs; it was as {mall as a Mite, with a body deep and 
ridged, almoft like a Flea 5 it had eight blood-red legs, not very long; 
but (lender; and two horns or feelers before. Its motion was fo el 
ing quick, that I have often loft fight of one I have obferved with my 
naked eye; and though, when it was not frighted, I was able to follow 
the motionsof fome with my A&crofcope; yet if it vvere never fo little 
ftartled, it pofted avvay vvith fuch fpeed, and turn'd and vvinded it felf 
fo quick, that I fhould prefently lofe fight of it. 

When Ifirftobferv'd the former of thefe Infects, or Mites, I began to 
conjecture, that certainly I had found eut the vagabond Parents of thofe 
Mites we find in Cheefes, Meal, Corn, Seeds, mufty Barrels, muíty Lea- 
ther, c. thefe little Creatures, vvandring to and fro every whither, 
might perhaps, as they vvere invited hither and thither by the mufty 

{teams of feveral putrifying bodies, make their invafions upon thofe new 
and pleafing territories , and there {pending the remainder of their life; 
which might be perhaps a day, or thereabouts, in very plentiful and rio- 
tous living, might leave their off-fpring behind them, which by the 
change of the foil and Country they now inhabite, might be quite al- 
ter d from the hew of their prizzegezitors, and, like Mores tranflated into 
Northern Ewropean Climates, after a little time, change both their skin 
and fhape. And this feems yet more probable. inthefe Infects , becaule 


that the foil or body they inhabit, feemsto be almoft half their parent, - 


forit not only hatches and brings thofe little eggs, or feminal principles, 
to perfection, but feemsto augment and nourifh them alfo before they 
are hatch d or fhaped 5. forit is obvious enough to be obferv'd; ‘that the 
eggs of many other Infetts, and particularly of Mites, are increasd in 
bulk after they are laid out of the bodies of the Infe&s, and plumpd 
fometimes into many times their former bignefs , fo that the bodiesthey 
are laid in MA asit were, half their mothers, we fhall not wonder that 


it fhould have {uch an active power to change their forms. We findby 
relations, 
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iato ae much ee RI Women do beftneer the of-{pring of the 
Spaniard, bringing forth neither white-fkinn 
no ; ring g white-fkinn'd nor black, but tawny 
-. Now, though I propound this as probable, I have not yet been fo fart 
certify d by Obfervationsas to conclude any thing, either pofitively or 
negatively,concerning it. Perhaps,fome more lucky diligence may pleafe 
- the curious Inquirer with the difcovery of this,to be a truth, which I now 
conjecture, and may thereby give him a fatisfactory account of the caufe 
‘of thofe creatures,whofe original feems yet fo obfcure, and may give him 
caufe to believe,that many other animate beings, that feem alfo to be the 
mere product of putrifaction, may be innobled with a Pedigree as anci- 
ent as the firft creation, and farr exceed the greateft beings in their nus 
merous Genealogies. But on the other fide, if it (hould be found that 
thefe,or any other animate body,have no immediate fimilar Parent, have 
in another place fet down a conjectural Hypothefis whereby thoíe Phe: 
nomena may likely enough be folv'd, wherein the infinite wifdom and 
_ providence of the Creator is no lefs rare and wonderfull... . 


= 


a 


Obfery. L'L fie Crab-like Jed. 


Eading one day in Septem. I chanced to obfervea very {mal creature 
creep over the Book I was reading,very flowly 5 having a Adicrofcepé 
— by me.I obferv'd it to be a creature of a very unufual form,and that not 
- lefsnotable ; fuch as is deícrib'd in the fecond Figure of the 33. &cheme. It 
wasabout the bignefs ofa large Mite;or fomewhat longer,it had ten legs, 
- eight of which, AA A A, weretopt with veryfharp claws, and were thofe 
upon which he walk’d, feeming fhap'd much like thofe of a Crab, which 
- inmany other things alío this little creature. refembled 5 for the two 
— ether claws,B B, which were the formoftofall the ten,and fcem'd to grow 
- out of his head,like the horns of other Animals,were exactly form d in che 
— manner of Crabs or Lobfters claws, for they were íbap d and jointed 
- much like thofe reprefened in the Scheme and the ends of them were fur- 
_ nifh'd with a pair of claws or pincers,C C,which this little animal did open 
— and fhut at pleafure : It fcem'd to make ufe of thofe two horns or claws 
— both for feelersand holders; for in its motion it carried thefe aloft ex~ 
" tended. before, moving them to and fro, juft.as a man, blindfolded 
would do his hands when he is fearfull of running againft a wall, and if I 
! put a hair to it, it would readily take, holdvof it with thefe claws; 
- and feem to hold it faft. Now, though thefe horns feem d. to ferve him 
B for two ufes,namely.for feeling and holding 5 yet he feem'd neither blind, 
—— having two fmall black fpots, D D, which by the make of them,and the 
— bright reflection from them feem'd to be his eyess nor did it want other 
— hands, having another pair of claws, EE, very acer plac'd.to.its mouth, 
and ícem'd adjoining to it. Í ; 
— The whole body was cafed over with armour-fhells, as is ufuall is all 
thofe 
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e kinds of cruftaceous creatures, efpecially about their bellies, and 
pt of three e: the head F feem'd coverd with a kind of fealy - 
fhell, the thorax with two fmooth fhells, or Rings, G G, and the belly 
with eight knobb'd ones. I could not certainly find whether it had under 
thefe laft fhells any wings, but I fufpect the contrary ; for Thave not found 
any wing d Infect with eight leggs, two of thofe leggs being always con- 
verted into wings, and, for the moft part, thofe that have but fix, have 


wings. 


This creature, though I could never meet with more then one of 


them, and fo could not make fo many examinations of it as otherwifeI 
would,Idid notwithftanding;by reafon of the great curiofity that appear'd 
to me in its fhape, delineate it, to fhew that,in all likelihood, Nature had 
crouded together into this very minute Infect, asmany, and as excellent 
contrivances, as into the body of a very large Crab, which exceeds it in 
bulk,perhaps,fome Millions of times 5 for as to all the apparent parts,there 
is a greater rather then a lef multiplicity of parts,each legg has as many 
parts, and as many joints as a Crabs, nay,and as many hairs or brifles; and 
the like may be in all the other vifible parts; and ‘tis very likely,that the 
internal curiofities are not lefs excellent : It being a general rule in Na- 
ture’s proceedings, that where fhe begins.to difplay any excellency, if 
the fubject be farther fearch d into, it will manifeft, that there is not lefs 
curiofity in thofe parts which our fingle eye cannot reach, then in thofe 


which are more obvious. 


Obíerv. L11. Of the fmall Silver-colour d Book-worm. 


Samonggreater Animals there are many that are fcaled, both for 

> ornament and defence, fo are there not wanting fach alfo among the 
leffer bodies of Infects, whereof this little creature gives us an Inftance. 
It is a fmall white Silver-fhining Worm or Moth, which I found much con 
verfant among Books and Papers, and is füppos d to be that which cor- 
rodes and’ eats holes through the leaves and covers it appears to the 
naked eye; afmall gliftering Pearl-colour' d Moth,which upon the remov- 
ing of Books and Papers in the Summer, is often obferv'd very nimbly to 


fcud, and pack away to fome lurking cranney, where it may the better. 


protect it felf from any appearing dangers. Its head appears bigg and 
blunt, and its body tapers from it towads the tail, fmaller and {maller,be- 
ing fhap'd almoft like a Carret. 

This the A/icrofcopical appearance will more plainly manifeft,which ex- 
hibits,in the third Figure of the 33. Scheme, a conical body, divided into 
fourteen feveral partitions,being the appearance of fo many feveral fbels, 


or fhields that cover the whole body, every of thefe fhells are againco- - 


verd ortiled over with a multitude of thin tranfparent fcales, which, 
from the multiplicity of their reflecting furfaces,make the whole Anima 
appear of a perfect Pearl-colour. 

Which 
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- Which,by the way,may hint us the reafon of that fo much admired ap 
rance of thofe fo highly efteem'd bodies, as alfo of the likein mother 
ofPearl-fhells, and in multitudes of other fhelly Sea-fubftancess for they 
ech of them confifting of an infinite number of very thin fhells or la: 
minated orbiculations, caufe fuch multitudes of reflections, that the com- 
i tions of them together with the reflections of others that are fo thin 
gsto afford colours (of which I elfewhere give the reafon) gives a ve- 
aypleafant reflection of light. And that this is the true caufe,feems likely, 
fit, becaufe all thofe fo appearing bodies are compounded of multitudes 
‘of plated fübftances. And next that,by ordering any trafparent fubftance 
sfterthis manner,the like Phenomena may be produc d ; this will be made 
wery obvious by the blowing of Glaf into exceeding thin fhells, and 
then breaking them into fcales,which any lamp-worker will prefently dos 
fora goodquantity of thefe {cales,laid ina heap together,have much the 
ame refemblance of Pearls. Another way, not lefs inftructive and plea- 
fant, is a way which I have feveral times done, which is by working and 
tolling,as’twere, a parcel of pure cryftalline glafs whilft it is kept glowing 
P hotin the blown flame of a Lamp, ter)by that means,that purely tranfpa- 
ent body will be fo divided ‘nto an infinite number of plates, or {mall 
| firings, with interpos d aerial plates and fibres, that from the multiplicity 
I'ofthe refleCtions from each of thofe internal furfaces, it may be drawn 
| out into curious Pearl-like or Silver wire, which though fmall, will yet 
[be opacous' the fame thing I have done:with a compofition of red Colo- 
jhon and Turpentine, and a little Bee's Wax, and may be done likewife 
with Birdlime, and fuch like glutinous and tranfparent bodies : But to re+ 
turn to our defcription. 
"The fmall blunt head of this Infect was furnifh'd on either fide of it 
witha clufter of eyes, each of which feem'd to contain but a very few, in 
'tomparifon of what I had obferv'd the clufters of other Infects to abound 
) With; each of thefe clufters were befet with a row of {mall brifles, much 
Tike the cilia or hairs on the eye-lids, and, perhaps, they ferv'd for the 
4 lame purpofe. It had two long horns before, which were ftreight, and 
“tapering towards the top, curioully ring'd or knobb'd, and brifled much 
“like che Marfh Weed, call'd Horfe-tail, or Cats-tail, having at each knot 
| afting’d Girdle,as I may (o call it, of fmaller hairs, and feveral bigger and 
"larger brifles,here and there difpers d among them: befides thefe, it had 
"two fhorter horns, or feelers, which were knotted and fring d, juft as the 
|) former, but wanted brifles, and were blunt at the ends; the hinder part 
, Ofthe creature was terminated with three tails, in every particular re- 
| fembling the two longer MPO 
 iwere {eal’d and hair d much like the reft, but are not exprefs d in this 
,| Figure, the Moth being intangled all. in Glew, and fo the leggs of this 
| E. not through the Glafs which looked perpendicularly upon 
;P the back. . 
. ^ This Animal probably feeds upon the Paper and covers of Books, and 
| perforates in them feveral fmall roun holes, finding, perhaps, a conve- 
Dent ourihment jn thoíe hufks of Hemp and Flax, which have pg 


horns that grew out of the head : The leggs of 


through 
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fcourings, wafhings,dreffings and dryings, as the p 
seul daedarat: Secetirily have fuffer d; the digeftive fealty ae 
of thefe little creatures being able yet er to work upon thofe ft 

and reduce them into another form. | 

ea sdded, rm Iconfider what a heap of Saw-duft or chips) 
little creature (which is one of the teeth of Time) conveys into its 
trals. [cannot chufe but remember and admire the excellent contriva 
of Nature, in placing in Animals fuch a fire, as is continually nourifhed; 
fupply d by the materials convey d into the ftomach, and fomented by 
bellows of the lungs; and in fo contriving the moft admirable fabricl 
Animals, as to make the very fpending and wafting of that fire, to 
inftrumental to the procuring and collecting more materials to augm 
and cherifh it felf, which indeed feems to be the principal end of all 
contrivances obfervable in bruit Animals. 


Obferv. LIII. Of a Flea. 1 
{ 
T He ftrength and beauty of this {mall creature, had it no other re 
tion at all to man, would deferve a defcription. d 
For itsftrength, the 24erofcope is able to make no greater difcove 
of it then the naked eye, but onely the curious contrivance of its le 
and joints, for the exerting that ftrength,is very plainly manifefted, fm 
as no other creature, I have yet obferv'd, has any thing like irs fori (| 
joints of it are fo adapted,that he can,as 'twere,fold them fhort one wit 
in another,and fuddenly ftretch,or {pring them out to their whole lengd 
that is, of the fore-leggs, the part A, of the 34. Scheme, lies withint 
and B within C, parallel to, or fide by fide each other; but the pan 
of the two next, lie quite contrary, that is, D without E, and E wil 
out F, but parallelalfo; but the parts of the hinder leggs, G, H and) 
bend one within another, like the parts of a double jointed Ruler@ 
like the foot, legg and thigh of a man; thefe fix leggs he clitches ups 
together, and when he leaps, fprings them all out, and thereby € 
his whole ftrength at once. i 
But, as for the beauty of it, the ZZierofcope manifefts it to be all; 
adorn'd witha curieufly polifh'd fuit of /2b/e Armour, neatly: joint 
and befet with multitudes of fharp pinns, fhap'd almoft like Porcupitiét 
Quills, or bright conical Steel-bodkins 5 the head is on either fideb& 
tify'd.with a quick and round black eye K, behind each of which 
appears a {mall cavity, L, in which he feems to move to and fro. a 
tain thin film befet'with many {mall tranfparent hairs, which probably 
behis ears; in theforepart of hishead, between the two forc-leggs 
hastwo {mall long jointed feelers, or rather fmellers, M M, which 
four joints,and are hairy, like thofe of feveral other creatures 5 bet 
thefe, it has a fmall probofcis, or grobe, NNO, that feems to confift 
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tube NN, and à rongue orfuckerO, which | have 
in and out. Befides thefe, it has alío two chaps or biters P P. which are 
fomewhat like tho of an Ant, but I could Dot perceive them tooth’d = 
thefe were fhapd very like the blades of a pair of round top'd Scizers, 
and were Cpened and fhut juft after the fame manner 5 With thefe Infttu- 
ments does this little bufze Creature bite and Pierce the fkin . and fück 
out the blood of an Animal, leaving the {kin inf i r 
redípot. Thefe parts ifl 


i are many 
vhich, being more obvious, ' and affordine no great 
matter of Information , I thall pals by, andirefer the Reader to the Fi- 


Obferv, LIV, Of a Loufe. 


His is a Creature fo officious 5 that *twilPb 
LM One time er other, fo bufie; an 

ding it {elf in every ones company, an 
"that it fears not to trample ón the beft, 


€ known to every one at 


has drawn blood: it is troubled -4¢ nothing fo: muchas ata man thit 
“Matches his head, as knowing that ‘man js plotting ‘and cofitrivine fome 
miíchief againft it; and that makes it oftentime fculk into fome méaner 


md lower place,'and run behind 4 mans back, though it go Very much 
"againft the hair's which ill coriditions of it hav 

Men trufted, would exempt me from ‘making 
tt, did not my faithful Azercury, my Adicrofc 
Miation of it. Fox this has difcovered to me 
Tight caft on it; that ‘it isa Creature of very odd fhape ; it hasa head 


Iggeft part of which, on either fide behind the head 
ig the place where other Creatures ears ftand) are placed its two black 
nin goggle eyes BB, looking backwards, and fenced round with fe- 
Vera] de cilia or hairs that incompafs it,{6 that it feems this Creature 
lias no very good forefight : It does not feem to have any eye-lids ; and 


lem with its fore-legs ; and perhaps this may be the reafon, ' why they 

! mich avoid and run from the light behind ‘them, for being made to 

Wein the fhady and dark receflés of the hair, ‘and thence probably their 

tje having a gréat aperture, the open and clear light, efpecially that 

tthe Sun, muft needs very much offend: them: to fecure thefe eyes 

En receiving any in jury from the e throügh which it pafles , y 
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tube NN, and a tongue or fucker O, which I have perceiv'd him to f]i 
jn and out. Befides thefe, it has alíotwo chaps or biters P P, which are 
fomewhat like thofe of 1» ADt, but I could ‘not perceive them tooth'd 5 
thefe were fhap'd Very like the ades of a pair of round top d Scizets, 
and were cpened and fhut jutt afte; the fame manner 5 with thefe Infttu- 
ments does this little bufie Creature bite and pierce the fkin, and fuck 
out the blood of an Animal, leaving the fkin inflamed With a final] round 
redípot. Thefe parts are very difficult to be difcovered, becaufe, for 
Ty vered between the fore-legs, J here are many 

being more o vious, and affording no great 

matter of information > I thall paf; by, and refer the Reader to the Fi- 


Obferv, LIV. Of a Loufe. 


His is a Creature fo officious ; that ‘twill be known to ever 
One time er other, fo bufie, atid fo impudent,” that it will be 
ding it felf in cvery ones company, and fo proud and afpiring Withall, 
that it fears not to trample on the beft,’ and affe@s nothing fo much as "4 
Crowns feeds and lives very high; and that makes it fo fauoy, 
any one by the ears that comes in its way, and wil] néverbe q 
has drawn blood: jt is troubled at nothing fo: much’ as ati man that 
Ícratches hishead, as knowing that ‘man is plotting and contriving fome 
mifchief againit it, and that makes it oftentime fculk intofome meane? 
and lower place,’and run behind à mans back, though it'gó very much 
againft the hairs which ill coiiditions of je having made ie better known 
then trufted, would cxempt me from ‘making any further déferiptión of 
At, did not my faithful Azercury, my Aticrofcope, bring me other infor. 
tiation of it.” For this has difcovered to me; by means of 4 very bright 
li tealt onit; that it is a Creature of à very odd fhape ; it hasa head 
pd like that expreft in 35. Scheme marked with A, which feems al: 
oft Conical, but is a little flatted on the upper and under fides, ‘at the 
Diggeft part of Which, on either fide behind the head (as it were, bes 
Ing the place where other Creatures ears ftand) are placed its two black 
‘iin goggle eyes B P, looking backwards, and fenced round with fe- 
Yera] do cilia or hairs that incompafs itfo that ‘it feems this Creature 
BST very good forefight: It does not feem to have any eye-lids ; and 
letefore perhaps its eyes were fo placed, that it might the better cleanfe 
€m with its fore-legs ; and perhaps this may be the reafon, ‘why they 
Much avoid and run from the light behind ‘them > for being made to 
Vein the fhady and dark recefles of the hair, and thence probably their 
e having a reat aperture, the open and clear light, efpecially that 
of the un, muft needs very much offend: them: to fecure thefe eyes 
rom Teceiving any in jury from the hairs through which it pafles, it has 
EN EUIS two 
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two. horns that. grow. before it, in the place where one would ha 
thought the eyes fhould be 5 each-of thefe € C hath four joynts, whi 
are fringed, as ‘twere, with {mall brifles, from which to the tip of 
fnout D, the head feems very round and tapering, ending in a ve 
fharp nofe D, which fcems tohavea fmall hole, and to be the paffz 
through which he fucks the blood. Now whereas if it be plas on 
back, with its belly upwards, asitis in the 35. Scheme, it feems infe 
ral Pofitions to have a refemblance of chaps, or jaws, asis reprefent 
in the Figure by EE, yet in other poftures thofe dark ftrokes difappes 
and having kept feveral of them in a box for two or three dayes, fot 
for all that time they had nothing to feed on, Ifound , uponletting « 


crecp on my hand, that it immediately fell to fucking, and did neit! | 


(eem to thruft its nofe very deep into the fkin, nor to open any kinc 
mouth, but I could plainly perceive afmall current of blood, wh 
came directly from itsfnout, and paft intoits belly ; and about A thi 
feem'd a contrivance, fomewhat refembling a Pump, pair of Bellows, 


Heart, for by a very fwift fjfiole and diáflole the blood feem'd dra | 
from the nofe, and forced into the body. It did not feem at all,thov | 


I viewed ita good while as it was fucking; to thruft more of its nofe 
to the fkinthen the very ínout D, nor did it caufe the leaft difcernal 
pain, and yet the blood (cem d to run through its head very quicka 
freely, fo that it feems there is no part of. the {kin but the blood is’ 
{pers d into,, nay; even into the cuticula s; for had it thruft its whole m 
infrom D to. C C, it would not have amounted to the fuppofed thi 
nefs of that tegument,the length of the nofe being not.more then a thy 


hundredth part of aninch. It has{ix legs, covered witha very tranf, | 


rent fhell,..and joynted exa€tly, like aCrabis, or Lobfter's each le | 
divided into fix parts by thefe joynts sand thofe have here and th: | 


feveral {mall hairs;. and at the end of. each leg ithas two clawsjv 
properly adapted. for its peculiar ufe, being thereby inabled to wi 
very fecurely both, on the fkin and hair 5 and indeed this.contrivance 
the feet is very curious, and could not be made more commodioully a 
compendioufly, for performing both thefe requifite motions, of walki 
and climbing up the hair of a mans head, thenit is: for, by having 
lefler claw (a) fet fo much fhort of the bigger (b)- when it walks 


. the fkin the fhorter touches not, and then the feet'are the fane: w 


thofe of a Mite, and. feveral other {mall Infedts, but. by means of. | 
{mall joynts of the longer claw it can bend it round, ando with aby 
claws take hold of a hair; inthe manner reprefented in the Figure: 
long tranfparent Cylinder FFF, being a Man shair held by it. 

The Thorax feem'd cas'd with another kind of fubftanceithen thek 
ly, namely, witha thin tranfparent. horny fubftance, which! upomt 


- fafting of the Creature did not grow flaccid 5. through this} could pla 


ly fee the blood, fück'd from my hand, .to be varioully diftributed, a 
mov'd to and fro; and about G. there feemd a pretty big white f 
ftance, which feem’d to. be moved withinits thorax; befides, there 
pear'd very many fmall: milk-white veflels, which croft. over the bre 
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nifh’d with eight well fhap'd and proportion'd legs, which are each of 
them joynted or bendable in eight íeveral places, or joynts, each of 
whichis covered, for the moft part, with a very tranfparent fhell, and 
the lower end of the fhell of each joynt is fringed with feveral {mall 4 
hairs ; the contrivance of the joynts feems the very fame with that of © 
Crabsand Lobfterslegs, and like thofe alfo, they are each of themter= s 
minated witha very fharp claw or point 5 four of thefe legs are fo pla= 
ced, that they feem to draw forwards, the other four are placed ina 
quite contrary pofition, thereby to keep the body backwards when 
there is occafion. 

The body, as in other larger Infects, confifts of three regions or 
parts; the hinder or belly A, feems covered with one intire fhell , the 
middle, or chett, feems divided into two fhells B C. which running one 
within the other, the Mite is able to fhrink in and thruft out. asit finds” 
occafion, as it canalío thefnout D. The whole body is pretty tranfpa- 
rent, fo that being look'd on againft the light, divers motions within its 
body may be perceived 5 as alío all the parts are much more plainly dee — 
lineable, then in other poftures, tothe light. The fhell, efpecially that 
which covers the back; is curioufly polifht, fo that’tis eafie to fee, asina 
convex’ Looking-glafs, or foliated Glafs-ball, the pi€ture of all the ob-- 
jects round about 5 up and down, in feveral parts of itsbody; it hasfes 7 
veral fmall long white hairs growing out of its fhell , which are often P 
longer then the whole body, and are reprefented too fhort inthe firff ^ 
and fecond Figures ; they feem all pretty ftraight and plyable, fave only 
two upon the fore-part of its body, which feem to be the horns, as may 
be feeninthe Figures; the firft whereof isa profpect of a {maller fort of 
Mites ( which are ufually more plump ) as it was paffant to and fro; the 
fecond is the profpe& of one fixt on its tail ( by means of a little mouth- 
glew rub’d on the object plate) exhibiting the manner of the growing of 
the legs, together with their feveral joynts. 

This Creature is very much diverfify’d in fhape, colour, and divers 
other properties, according to the nature of the fübftance out of which 
it feems to be ingendred i nourifhed,being in one fubftance more long, 
in another more round, in fome more hairy, in others more Ímooth, in. 


- this nimble, in that (low, here pale and whiter, there browner, blacker, | 


more tranfparent, ¢c. I have obferved it to be refident almoft on all 
kinds of fübftances that are mouldy, or putrifying, and have feen it very 
nimbly mefhing through the thickets of mould, and fometimesto lye 
dormant underneath them; and ’tis not unlikely, but that it may feed on 
that vegetating fübftance , fpontaneous Vegetables feeming a food proper 
enough for /poxtaneous Animals, ie 
But whether indeed this Creature, or any other, be füch or not,Ican-  . 
not pofitively, from any Experiment, or Obfervation, Ihave yet made, 
determine. ButjasI formerly hinted, it feems probable, that fome kind 
of wandring Mite may fow, as 'twere, the firft feeds, or lay the firft eggs, 
inthofe places, which Naturehas inftru&ted them to know convenient 
for the hatching and nourifhing their young 5 and though perhaps the 
* prime 
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prime Parent might be of a fhape very differing from what the off 
{pring, after a little while, by reafon of the fubftance they feed on, or 
the Region (as 'twere ) they inhabite ; yet perhaps even one of thefe 
alter'd progeny, wandering again from its native foil, and lighting on b 
chance the (ame place from whence its prime Parent came, and there id 
ting, and planting, may produce a generation of Mites of the fame 
fhapes and properties with the firft wand ring Mite: And from fome fuch 
accidents as thefe, 1 am very apt to think, the moft fortsof Animals ge- 
nerally accounted fjostazeons , have their origination , and allthofe vas 
rious forts of Mites, that are to be tet with up and down in divers pu- 
trifying fubftances, may perhaps be allof the fame kind, and have {prung 
from one and the fame fort of Mites at the firft. 


neon ee 


Obferv. LVI, Of a fall Creature hatchd on aVine. 


Here is, almoft all the Spring and Summer time, a certain Ímall; 
| round, white Cobweb, as twere, about the bignefs of a Pea,which 
fticks very clofe and faft to the ftocks of Vines nayl'd againít a warm 
wall: being attentively viewed,they feem covcr'd; upon the upper fide 
of them, witha fmall husk, not unlike the Ícale, or fhell of a Wood- 
loufe; or Hog-loufe, a {mall Infe& ufually found about rotten wood, 
which upon touching prefently rouls it felf into the form of. à pepper. 
corn: Separating feveral of thefe from the ftock ; I found them, with 
my Aficrofcope, to confift of a (hell, whichnow feemed more likely tobe 
the hufk of one of thefe Infe&s : And the fur feem’d a kind of cobweb, 
confilling of abundance of {mall filaments, or fleaves of cobwebs, In 
the midft of this, if they were not hatch’d,and run away before, the time 
of which hatching was ufually about the latter end of june, or begin- 
ning of July, Ihave often found abundance of {mall brown Eggs, ich 
as Aand B in the fecond Figure of the 36. Scheme, much about the big- 
nefs of Mites Eggss and at other times, multitudes of {mall Infeéts , fha- 
ped exactly like that in the third Figure marked with X. Itshead large, 
almoft half the bignefs of its body , which is ufual in the fetus of moft 
Creatures. It had two fmall black eyes a 2, and two fmall long joynted 
and brifled horns 4\4. . The hinder part.6f its body feem'd' to confift of 
nine fcales, and the laft ended ina forked tayl , much like that of a Cu- 
#70, or Wood.loufe, out of which grew two long hairs; they ran to 
and fro very fwiftly, and were much of the bignefs of a common Mite, 
but fome of them lef : The longeft of them feem’d: not the hundredth 
part of an inch, and the Eggs ufually not above half asmuch: They 
feemed to have fix legs, which were not vifible in this I have here deline- 
ated, by reafon they were drawn under its body. a1 
Ifthefe Minute creatures were Wood-lice(asindeed from their own fhape 
and frame, the fkin,or thell,that grows on them,one may with ec ae 
ability 
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bability ghefs) itjaffords us an Inftance, whereof perhaps there are nog 
many like in Nature,and that is,of the prodigious increafe of thefe Crea- 
tures,after they are hatchd and run about :for a common Wood-loufe,of 
about half aninch long, is no lefs then a hundred and twenty five thou- 
fand times bigger then one of thefe, which though indeed it fcems very 
{trange, yet [have obferved the young ones of fome Spiders have almoft 
kept the fame proportion to their Dam. 3 

This, methinks, if it be fo, does in the next place hint a Query,which 
may perhaps deferve a little further examination : And that 1s,Whether 
there be not many of thofe minute Creatures,fuch as Mites, and the like, 
which, though they are commonly thought of otherwife, are only the 
pully, or young ones, of much bigger Infects, and not the generating, 
or parent Infect, that has layd thofe Eggs 5 for having many times ob- 
ferv'd thofe Eggs, which ufually are found in great abundance where 
Mites are found , it feems fomething ftrange, that fo fmall an Animal 
(hould. havean Egg fo big in proportion to itsbody. Though'onthe 
other fide, I muft confefs, that having kept divers of thofe Mites inclofed 
ina box fora good while, I did not find them very much augmented be- 
yond their ufual bignefs. 

What the husk and cobweb of this little white fubftance fhould be, T 
cannot imagine, unlefsit be, that the old oné, whenimpregnated with 
Eggs, fhould there ftay, and fix it elf on the Vine, and dye, and all the 
body by degrees fhould rot, fave only the husk, and the Eggs in the bo- 
dy: And the heat, orfire, as it were, of the approaching Sun-beams 
fhould vivifie thofe Relics of the corrupted Parent, and out of the 
afhes, as 'twere, ( asit is fabled of the Phezix ) fhould raife a new off- 
fpring for the perpetuation of the fpecies. Nor will the cobweb, asit 
were, in which thefe Eggs are inclos'd, make much againft this Conje- 
Gure 5 for we may, by thofe cobwebs that are carried up and down the 
Air after a Fog (which with my Z4icrofcope 1 have difcovered to be made 
up of an infinite company of {mall filaments or threads) learn, that 
fuch a texture of body may be otherwife made then by the {pinning of 
a Worm. 


Obferv. LVII. Of the Eels in Vinegar. 


F thefe fmall Eels, whichare to be found in divers forts of Vine- 

gar, I have little to add befides their Picture, which you may 

find drawn in the third Figure of the 25. Scheme: That is, they were 
fhaped much like an Eel, fave only that their nofe A, C which wasa lit- 
tle more opacous then the reft of their body ) was a little fharper, and 
longer, in proportion to their body, and the wrigling motion of their 
odyfeem'd to be onely upwards and downwards, whereas that of 
Eels is onely fide wayes: They feem'd to have a more opacous part 
about 
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about B, which might, perhaps, be their Gills: it feeming always the far 
roportionate diftant from thei pct varie ipe - 
Mi. o a body feem'd to a i fro ids, to che ap of. the 

Taking feveral ofthefe out of their Pond of Vinegat, b 
fmall piece of filtring Paper, and laying them on Uii Ee 
plate, I found that they could wriggle and winde their body, as much 
almoft as a Snake, which made me doubt, whether they were a kind of 
Eal or Leech. 

I thall add no other obfervations made on this minute Animal] being 
prevented herein by many excellent ones already publith’d by the inge- 
nious, Doctor Power, among his Microfcopical Obfervations, fave onely 
that a quantity of Vinegar repleat with them being included in a fmail 
Viol, and ftop d very clofe from the ambient air, all the included Worms 
in a very fhort time died, as if they had been ftifled, 

And that their motion feems (contrary to what we may obferve in the 
motion of all other InfeGs) exceeding flow. But the reafon of it feems 
plain, for being to move to aud fro after that manner Which they do, by 
waving onely, or wrigling their bodys the tenacity, or glutinoufnefs; 
and the denfity or reíiftance of the fluid medium becomes {0 excceding 
fenfible to their extremely minute bodies,that it is to me indeed a greater 
wonder that they move them fo (aft as they do,then that they move them 
nofafter. For what a vaftly greater proportion have they of their füper- 
ficies to their bulk, then Eels or other la rger Fifhes, and next, the tena- 
city and denfity of the liquor being much the fame to be moved,both by 
the one and the other, the refiftance or impediment thence arifing to 
the motions made through it, muft be almoft infinitely greater to the 
fmall one then to the great. This we find experimentally verify'd in the 
Air, which though a. zzed;uz a thoufand times more rarify d then the wa- 
ter,the refiftance of it to motions made through it,is yetío fenfible to ve- 
ry minute bodies,that a Down-feather(the leaít of whofe parts feem yet 
bigger then thefe Eels, and many of them almoft incomparably bigger, 
"fuch asthe quill and ftalk) is fufpended by ic; and carried to and fro as if 
it had no weight. 


Obferv. L VIII. Of a new Property in the Air, and feveral other 
tranfparent Mediums nam'd Infle&ion, whereby very many con- 
fiderable Phenomena are attempted to be folud, and divers other 
ufes are hinted, 


Ince the Invention (and perfe£ting in fome meafure) of Te/e/copes, it has 
S been obferv'd by feveral, that the Sun and Moon neer the Horizon, 
are disfigur' d: ( lofmg that exactly-finooth. terminating circular limb, 
which they are obíerv'd to have when fituated neerer the Zenith) and 
are bounded with an edge every way epee upon the right a 
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fides) ragged and indented like a Saw : which inequality of their limbs, I 
have further obferv'd, not to remain always the lame, but to be conti- 
nually chang'd by a kind of fluctuating motion, not unlike that of the 
waves of the Sea; fo as that part of the limb, which was but even now 
nick'd or indented in, is now protuberant, and will prefently be finking 
again 5 neither is this all,but the whole body of the Luminaries, do in the 
Telefcepe, fecm to be deprefs'd and flatted, the upper,and more efpécially 
the under fide appearing necrer to the middle ther really they are,and the 
right and left appearing more remote: whence the whole Zrea feems to be 
terminated by a kind of Oval.It is further obferv'd;that the body;for the 
molt part, appears red, or of fome colour apprcaching neer unto it, as 
fome kind of yellow 5 and this I have always mark d, that the more the 
limb is flatted or ovalled,the more red does the body appear, though not 
always the contrary. It is further obfervable, that both fix'd Stars and 
Planets, the neerer they appear to the Horizon, the more red and dull 
they look, and the more they are obferv'd to twinkle; in fo much, that 
I have feen the Dog-ftarr to vibrate fo ftrong and bright a radiation of 
light, as almoft to dazle my eyes, and prefently, almoft to difappear. 
It is alfo obfervable, that thofe bright fcintillations neer the Horizon, are 
not by much fo quick and fudden in their confecutions of one another, as 
the nimbler twinklings of Stars neerer the Zeniti. This is alío notable, 
that the Starrs neer the Horizon, are twinkled with feveral colours; fo as 
fometimes to appear red,fometimes more yellow,and fometimes blue,and 
this when the Starr is a pretty way elevated above the Horizon. Ihave 
further, very often feen fome of the fmall Starrs of the fifth or fixth ma- 
enitude, at certain times to difappear for a fmall moment of time, and 
again appear more confpicuous, and with a greater lufter. I havefeveral 
times,with my naked eye, feen many fmaller Star's, fuch as may be call'd 
of the feventh or eighth magnitude to appear for a fhort fpace, and then 
vanifh, which, by directing a fmall Tele/cope towards that part they ap- 
peard and difappeard in; I could prefently find to be indeed {mall Starrs 
fo fituate.asT had feen them with my naked eye, and to appear twinkling 
like the ordinary vifible Stars ; nay, in examining iome very notable parts 
of the Heaven,with a three foot Tube , me thought Inow and then, in 
feveral parts of the conftellation, could perceive little twihklingsof 
Starrs, making a very fhort kind of apparition,and prefently vanifhing, 
but noting diligently the places where they thusfeem d to play/at boe- 
peep, I made ufe of a very. good twelve foot Tube, and with that it was 
not uneafie to fce thofe, and feveral other degrees of fmaller Starrs, and 
fome fmaller yet, that fcem'd again toappear and difappear; and thefe 
alfo by giving the fame Object-glafs a much bigger aperture, -I\could 
plainly and conftantly fee appear in their former places; fo that Fhave 
obferv'd fome twelve fevetal magnitudes of Starrs lefs then thofe of the 

fix magnitudes commonly recounted in the Globes. ic 
It has been obferv'd and confirm'd by the accurateft Obfervati- 
ons of the beft of our modern Aftronomers, that a!] the! Luminous bodies 
appear above the Horizon, when they really are below it. So that the 
Sun 
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Sun and Moon hav; both been feén 


; above the Horizon, hilft the Mo; 
has been in an Eclipfe. | fh n; whi e Mooti 


all not here inftance in the great refractions; 
that the tops of high mountains, feer at à diftance, have been found to 


have 5 all Which feem to argue the Horizontal refraction, much greater 
then it is hitherto generally believ'd 

Ihave further taken notice, that not onely the Sun, Moon arid Starrs; 
and high tops of mountains have füffer'd the kinds of refraction, but 
Trees, and feveral bright Objects on the ground : I have often taken no: 
tice of ‘the twinklirg of the reflections of the Suri from a Glafi-windosy 
at a good diftance,and ofa Candle in the night, but that is rot fo cons 
Ípicuous.and in obferving the fetting Sun,I have often taken notice of thé 
tremulation of theTrees and Bufhes; as well asofthe edges of the Sun; 
Divers of thefe Phenomena have been taken notice of 
have given feveral teafons of them. but I have not yet met with any alto- 
gether fatisfactory, though fome of their conje&ures have been partly 
true,but parly alío falfe.Setting my elf therfore upon the inquiry of thefe 
Phenomena, | firlt endeavour’d to be very diligent in taking notice of 
thefeveral particulars and circumftances obfervable in them ; and next; 
in making divers particular Experiments, that might cleer fome doubts; 
and ferve to deternine, confirm, and illuftrate the true and adaquate 
caufe of each 3 andupon the whole, 1 find much reafon to think, that 
the true caufe of él thefe Phenomena is from the iwfletion, or multi- 
plicate refraction of thofe Rays of light within the body of the Atmofphere, 
and that it does not proceed from a refradion caus'd by any terminating 
Juperficies of the Air above, nor from any fuch exactly defin’d fuperficies 
within the body of the 4rzofpliere. 

This Conclufion is grounded upon thefe two Propofitions : 

Firft, that a mediam, whole parts are unequally deze, and mov'd by 
various motions and tranfpofitions ‘as to one another, will produce all 
thefe vifible effects upon the Rays of light, without any other coefficient 
caufe. 1 Tuum 

Secondly, that there is in the Air or Atmofphere, füch a variety in the 
conftituent parts of it, both as to their denfity and rarity, and as to their 
divers mutations and pofitions one to another. 

By Dezfity and Ririty, Lunderftand a property of a tranfparent body, 
that does either mo:e or lefs refradt a Ray oflight (coming obliquely 
upon its fuperficies cut ofa third medium) toward its perpendicular : A$ 
Icall Glafs a more denfe body then Water, and Water a more rare body 
then Glafs. becaufe cf the refractions (more or lefs deflecting towards the 
perpendicular) that are made in.them, of a Ray of light out ofthe Air 
that has the fame inciination upon either of their fuperficies, 

Soasto the bufinefs of Refraction, {pirit of Wine is a more denfe body 
then Water, it having been found by an accurate Inftrument that meafures 
the angles of R efractions to Minutes that for the fame refracted angle of 
30: co' in both thoe Azediums, the angle of incidence in W d 
but 41°. 35. but th: angle of the incidence in the trial with Qe of 
Wine was 42°: 45'. But as to gravity; Water is a more denfé body then 
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fpirit of Wine, for the proportion ef the "s Water, to the fare very 
JT eectitvd {pirit of Wine was, as 21. tO 19. ; 
eet cs Wareris more Denfe then Ice 5 forl have found 
by a moft certain Experiment, which 1 exhibited before divers illuftrions 
Perfons of the Royal Society, that the Refraction of Water was: greater 
then that of Ice, though fome confiderable Authors have affirm'd the con- 
trary, and though the Ice be avery hard, and the Water avery fluid 
-— the former of the two preceding Propofitions is true;may be ma- 
nifefted by feveral Experiments:As firft,if you take any two liquors differ- 
ino from one another in denfity,but yet fuch as will readily mix:as SaltWa+ 
— Brine,& Frefh;almoft any kind of Salt diflolv d in Water,and filera+ 
ted, fo that it be cleer,{pirit of Wine and Water; nay, fpiritof Wine,and 


'fpirit of Wine, one more highly rectify d then the other, and very many 


other liquors, ifl fay) you take any two of thefe liquors, and mixing 
them in a Glafs Viol, againft one fide of which you have fix d or glued a 
fmall round piece of Paper, and fhaking them well together (fo that the 
partsof them may be fomewhat difturb'd and move up and. down)you 
endeavour to fee that round piece of Paper through the body of the li- 
quors 5 ‘you fhall plainly perceive the Figure to wave; and tobe indented 
much after the fame manner as the limb of the Sun through a Telefcope 
feemsto be,fave onely that the mutations here,are much quicker. And if, 
in fteed of this bigger Circle, youtake a very fmall fpot, and faften and 
view it astheformer, you will find it to appear much like thetwinkling 
of theStarrs, though much quicker : which two Phexomena (for I thall 
take notice ofno more at prefent, though I could inftance in multitudes 
of others) muft neceflarily be caus d by an zzflecion of the Rays within 
the terminating fuperficies of the compounded medium, fince the furfaces 


ofthe tranfparent body through which the Rays pafs to the eye, are not 


at all altered or chang d. 
This inflection (if may fo call it) I imagine to be nothing elfe, buta 
miltipheate refradion, caufed by the unequal deafity of the conftituent 
parts of the sedium , whereby the motion, action or progres of the Ray 
of light is hindred from proceeding in a ftreight line, and zzffedfed.orde- 
fieted by a curve. Now, that it is a curve line is manifeft by this Expe- 
riment : I took a Box,füch as A D GE, in the firft Figure of the 37.Scheme, 
whofe fides ABCD, and EF GH, were made of two fmooth flat 
plates of Glafs, then filling it half full with a very ftrong folution of 
Salt, I filled. the other half with very fair fre(h water, then expofing 
the opacous fide, D H G C, to the Sun, I obferv’d both the refraction and 
inflection of the Sun beams,| D & KH, and marking as exactly as I.could, 
the points, P, N, O, M, by which the Ray, K H, pafied through the com- 
pounded medium, | found them to bein a curve line; for the parts of the 
medium being continually more deníe the neerer they were to the bot- 
tom, the Ray p f was continually more and more deflected downwards 
from the ftreight line. 
This Inflection may be mechanically explained, either by Monfieur 
Des 
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Des Cartes principles.by concéiving ne thir Ati kemjoliceeiet 
find leís and lel reliance againft d eM wes 
or. by a way; which IHhave further cxplicated in the Inquifition abo xt Co: 
fours; tobe from an obliquation of the pulfe of Aight; aibhncerthe quid 
part ds‘continually promoted; and contequently i reftadted: towards thé 
perpendicular, which:cuts the Orbs at right anglés.--- What-the partious 
lan kigure of the Curve line, defcribid by this way of light; ij; I-thall "x 
now fiand to examine, efpecially fince there may be fo many forts. of it as 
there:tmay be varieties of the Pofitions of the intermediat degyeesof dena 
Jity ahidirarity betweenthe bottomand the top of the infle&ing;/Mediutal 

I could produce many more Examples and Experiments, to illufttáte 
arid prove this firft Propofition;: diz, that there is füch. a conftitution of 
fonie-hodies as will caufe infleétion. | As not to mention thofed have obs 
ferv dein Hern, ‘Tortoife-fhell, tranfparent Gums, and refinous Subfiances’ 
The weins of Glafs; nay, of melted Cry/tal, found; and much complained 
of by.:Glafs-grindets; aud othets, might fofficiently! demonltrate the 
truth of it to any diligent Obfervator. j 

But that, I prefume, I have by this Example given proof fufticient 
( 9E ocnlar demonjtration ) to: evince, that there is füch a modulation; 
or bending of the rayes.of light, as I. haveveall’d inflection, differing 
both from reflection, and refraction (fince they aré:both made’ in thé fü: 
perficies, thisonly in the middle ) 5 and likewife, that this is able or fut- 
ficient to. produce the effects I have afcribed to-it. iy dood 

Itremains therefore to thew’, that there is fuch a propertyinthe: Ait; 
and that it is:fufficient to produceall the above mentioned Phenomena; 
and therefore ray be the principal, if notthe only caufe of them, ; 
-Firft, That thereisfucha property, may be proved from this, that thé 
parts of the Air are fome of them more condens'd; others morc rarified j 
either by the differing heat, or differing preffure it füftains; orby the 
fomewhat heterogeneous vapoürs intérfpersd. through it. For asthe Air 
is more or lefsrarified, fo doesit'more or lefsrefract a ray of light: (that 
comes out of a denfer medium) from the perpendicular. This youmay 
find true, if you make tryal of this Experiment. | ji 

Take.a fmall Glafs-bubble made in the form of that in the fecond 
. Figure of the 37. Scheme, and by heating the Glafs very hot; and there- 
by very much rarifying the included Air, or, which is bettér;:by rarifyt 
ing a {mall quantity of water, included in it; into vapours; which: will 
expel the moft part, if not all the Air, and then fealing upthe {mall 
neck of it, and letting it cool, you may find, if you place it ina conve 
nient Inftrument, that there will be a manifeft difference, asto the refra- 
ction. 

As if inthis fecond Figure you fuppofe A to reprefent a fmall fight or 
hole, through which the eye looks upon an ete as C, through the, 
Glafs-bubble B, and the fecond fight L 5 all which remain exactly fixt 
in their feveral places, the object C being fo cized and placed, that it 
may juít fcem to touch the upper and under edge of the hole L : and 


fo allóf it be feen through theímal! Glafs-ball of rarified Air 5 theriby 
breaking 
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breaking 6ff the {mall feal’d neck of the Bubble ( without at all ftirring 
the fights; obje&t, or:glafs ) and admitting the external Air, you will 
find yourfelfiunable to fee the utmoft endsiof the objet 5 but thetermi- 
pating-rayes:A E; and A D (which were before refraded to G and F 
bythe warified Air.) will proceed almoft directly toI and H 5 which als 
terátion of the rayes (feeing there i$ no other alteration made ‘in the 
Organ by which the Experiment is tryed, fave only the admiflion, or ex- 
clufion of the.condens d Air): muft neceflarily be caufed by the variation 
o£ the zediuzi contain'd in the Glaís Bs the greateft difficulty in the ma- 
king'of which Experiment, is from the uneven furfaces»of the bubble, 
which will :reprefent an uneven image of the object. 

Now;that there is fach a difference of the upper and under parts of the 
Air.is clear enough evinc'd from the late improvement of the Torricelijan 
Experiment, which has been tryed.at the tops and: feet of Mountains; 
and may be further-illuftrated , and inquired into, byameans > Which 
fome whiles fince I thought of, and us d, for the finding by what degrees 
the Air pafles from fuch a degree of Denfity to futh a degree of Rarity. 
And another, for the finding what preflure was requifite to make it pafs 
from fuch a degree of Rarefaction to. a determinate Denfity : » Which 
Experiments; becaufe they may be ufeful to illuftrate the prefent Inqui- 
ry; Lfhall briefly defcribe. 


Itook then a {mall Glafs-pipe A B, about the bignefs of a Swans quill, 
and about four foot long, which was very equally drawn, fothat, as far 
as.I could: perceive ;:no .one part was bigger then another: This Tube 
( being-open at both ends) I fitted into another {mall Tube D E, that 
had a {mall bore juft big enough to contain the {mall Pipe, and this was 
feal'd up at one, and open at the other, end 5 about which open end T 
faftned a {mall wooden box C with cement, fo that filling the bigger 
Tube, and part of the box, with Quickfilver, T could thruít the fmaller 
Tube into it, till it were all covered with the Quickfilver : Having thus 
done, I faftned my bigger Tube againft the fide of a wall, that it might 
ftand the fteadier , and plunging the {mall Tube cléer under the Zzerca- 
fy in the box, 1 ftopt the upper end of it very faft with cement, then 
lifting up the {mall Tube, I drew it up by a fmall pully, and a ftring that 
I ad faftned, to the top of the Room, and found the height of the Azr- 
curial Cylinder to be about twenty nine inches. 

Then letting downthe Tube again, I opened the top, and then thruft 
down the {mall Tube, till I perceived the Quickfilver to rife within it to 
a mark that: had plac'd juft an inch from the topsand immediately clap- 
ping on a {mall peice of cement that [had kept warm, I witha hot Iron 
feal d up the top very faft, then letting it cool (that both the cement 
might growhard , and more efpecially , that the Air might come to its 
temper, natural for the Day I try'd the Experiment in) Lobferv'd dili- 
gently, and found the included Air to be exa&ly an Inch. 

Here you areto take notice, that after the Air is feal'd up, thetopof 
the Tubeis not to be elevated above the fuperficies of the Quickfilver 

in 
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in the box, till the furface of that within the Tube be equal to it, for 
the Quickfilver (as I have elfewhere provd.) being more heterogene- 
ous to. the Glafs then the Air, will not naturally rife up fo high withirt 
the {mall Pipe,as the fuperficies of the Mercury in the box 5 and therefore 
youare to obferve ; how much below the outward fuperficies of the 
Mercury in the box, that of the fame in the Tube does ftand, when the 
top being open, free ingr =f is admitted to the outward Air. - 

Having thus done, I permitted the Cylinder, or {mall Pipes/to'rife out 
of the box, till I found the furface of the Quickfilver in the Pipe tobe 
two inches above that inthe box, amd found the Air to have’ expanded 
it felf but one fixteenth part of an inchs then drawing up the {malt 
pipe, till I found the height of the Quickfilver within to be four inches 
above that without, Iob{erved the Air to be expanded only * of an inch 
more then it wasat firft, and to take up theroom of 1? inch: then I 
raifed the Tube till the Cylinder was fix inches high, and found the Air 
to takeup 12 inches of room in the Pipés then to8, 16,712. ee, 
the expantion of the Air. that I found to each of which Cylinders are 
fet down in the following Table; where the firft row fignifies the 
height of the Mercurial Cylinder 5 the néxt; the expanfion of” the Air ; 
the third, the preflire of the Atmofphere x or the higheft Cylinder of 
Mercury, which was then neer thirty inches ; The Jatt fignifies the force 
of the Air fo expanded , which is found by fubftracting the firft row of 
numbers out of the third; for having found, that the outward Air would 
then keep up the Quickfilver to thirty inches, look whatever of that 
height is wanting muft be attributed to the Elater of the Air deprefling, 
And therefore having the Expanfion in the fe¢ond row,and the height of 
the fubjacent Cylinder o£ Mercury in the firít; and the greatelb height of 
the Cylinder of Mercury, which of it felf counterballances the whole 
preflure of the Atmofphere 5 by fubftracting the numbers of the firft row 
out of the numbers of the third, you will liave the meafure Of the Cylin- 
ders {odepreft, and confequently the foree of the Airjn the (yer al Ex- 
panfions, regiftred. 


ped 
& ^ qa 
ar OF 
e v 


The 


a habec Lars. imas 


— —— € MÀ 


€—— (€ 


4 
1 
i3 
13 
na 
M 
| 3 
b 


bee 


4 Tet. 2 E - fo^ : 
à PN HE : xen : ure AMT SD MES: Es 
—— ti a Po al Io alt aca : 
Wm Ut Vez ERU bairetas ge eal 


A, 
224 MICROGRAPHIA. 


The height of the | The Expan- | The height dp ftrength 
Cylinder of Mer-| fion. of the |the — Mercury of the Elater 


- eurythat;together | Air. that counter- | of the expan- 
with the Elater of ballancd the | ded Air. 
the included Air, | Atmofphere — | 
ballanced — the, 
preflure of the. 

Atmofphee. — | 
VÀ UT MÀ my) 
oo OI 30 20 
02 014 30 28 
04, o1- 30 26 
o6 du 30 24 
o8 O1 r 30 22 
1o o1: 30 20 
12 OI 2 30 18 
14. OI 3 30 16 
16 02- 30 14 
:8 024 30 12 
2o 03 30 10 
- 93: 3o 3 
zh O55 ay 6 
25 e 3o 5 
26 o8 30 4. 
26- 09- 30 2 
26- 103 30 - 
. 26- 13 30 i 
27 15> 30 3 
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ES vais other Tables-of my Obfervations , and Calculations, 
W en made; but it being above a twelve month finceI mad 
thém 5 and by that means havine forgot many circumftan ^ 4 : 
ticulars , T was refolved to make them over Sie again which Mid 
Auguf? the fecond. 1661. with the very fame Tube which enge * E: 
before, when I firft made the Experiment ( for jt being à vi od 
one, I had carefully prefery’d it:) And afterhaving tryed MeN E 
over again; and being not well fatishied of fome particle JI at laf 
having put all things in very good order, and being as attentive ; d 
obfervant, as poflibly | could, of every cireumftance requifite to b E 
ken notice of, did regifter my feveral Obfervations in this follow: A 
Table. In the making of which, I did not exactly follow’ the method 
that. Thad ufed at firft 5. but, having lately heard of Mr. Tom/y's. Ei o- 
ae Ifhap’d my lee ei bu as would be moft COD CHASE 
the examination of that Hypothefis; the event of wh; ; >in 
latter part of the Jaft Table, "i Tg P 

Theother Experiment was, to find what degrees of force were requi- 
fite to comprefs, or condenfe, the Air into füch or fuch a bulk, 

The manner of proceeding therein was this : I°took a Tube about 
five foot long, one of whofe ends was fealed up, and bended in the form 
of a Syphon , much like that reprefented in the fourth F igure of the 
37. Scheme, one fide whereof AD, that was open at A, was about fifty 
inches long, the other fide BC, fhut at B, was not much above feven in- 
ches long; then placing it exactly perpendicular, I pour’d in a little 
Quickfilver, and found that the Air B C. was £z inches, or very nearto 
feven 5 then pouring in Quickfilver at the longer’ Tube, I continued 
filling of it till the Air inthe fhorter part of it was-contra&téd into half 

the former dimenfions, and found the height exa&ly nine and twenty in- 
ches; and by making feveral other tryals, in feveral other degrees of 
a of the Air, I found them exactly anfwer the former Hypo- 
thefts. 

But having (by reafon it wasa good while fince I firft made ) forgot- 
ten many particulars,and being much unfatisfied in others, I madethe Ex- 
periment over again, and, from the feveral tryalsycollected the. former 
part of the following Table : Where in the row next the left hand 24. 
fignifies the dimenfions of the Air, fuftaining only the preflure of the At- 
mofphere, which at that time was equal to a Cyhederof Mercury of nine 
and twenty inches: The next Figure above it ( 20.) was the dimenfi- 
ons of the Air induring the firft compreffion, made by a Cylinder of 7zer- 
cury 5%, high, to which the preffure of the Amofiüfere nine ahd twenty 
inches being added ; the elaftick ftrength of the Airfo compreft will be 
found 342,, cc. 
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A Table of the Elaftick, power of the Air, 
both Experimentally and Hypothetically calculated, 
according to its various Dimenfions. 


The dimen- | The height | The Mercu- | The fum | What they 
fions of the | of the Mer- | rial Cylinder | or diffe- | ought . to 
included ^ curial Cylin- | added , or rence - of | be aecor- 


Air. | der counter- (taken from|thefe two} ding to 
|pois'd | by |the former. | Cylinders. | the Hypo- 
the Atmo- LE 

Dh | fphere. | 

i 93 29— 58 58 
13 29 + 245— 53 532 
14. 29 + 26:— 492 49% 
16 29 + LY: Serene 43 43- 
p Rmo 0 389p. 385 
20 29 + 54— 342 34% 
24 29 Lo e 29 29 
48 29— 14L— 14) 14% 
96 29— 22-= 67 : 
192 20.— Bye ; ; 
384 dad aee is 12 
576 29— 27) 5 T 
768 29— 28-— o7 o* 
960... - 29— 281— oi of | 
FEE 7-3 28;— o; ot 
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From which Experiments, Ithink, we may fafely conclude; * that the 
Elater of the Air is reciprocal to its extenfion, ‘of at leaft very neers Sd 
that to apply It to our prefent purpofe C which: was indeed: the chief 
caufe of inventing thefe Wayes of tryal ) we will fuppofe a Cylinder ine 
definitely extended upwards, FT faya Cylizder; ‘hot a piece ofa Coxe, 
becaufe, as I may elfewhere fhew in the Explication of Gravity, that fri- 


{trong enough tokecp up a Cylinder of Mercury’ of thirty inches’: Now 
becaufe. by the moft accurate tryals of the mott illufttioüs and incoinpa- 
rable Mr. Boyle, publifhed in his defervedly famous Pneumatick Book; 
the weight of Quickfilver, to that o£ the Air' here below; is found heer 
about as fourteen thoufand toone: If we fuppofe the parts of the Cy- 
linder of the Atmofphere to be every "where of an equal enfity, -we fhall 
( as he there deduces ) find it extended to the height of thirty five 
thoufand feet, or feven miles: But becaufe by thefe Experiments we have 
fomewhat confirm'd the hypothefis o£ the reciprocal proportion of the 
Elaters to the Extenfions we fhall find, that by fappofing this Cylinder of 


moft to prefs againft the fürface of the Earth with the whole weight of 
the above mentioned thoufand parts; the preffure of the bottom of the 
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mày extend it felf more then as high again,nay, perhaps indefinitely; or 
beyond the Moon 5 for..the Elaters and Expantions being in reciprocal 
proportions, ince we,cannot yet find the ple ultra, beyond which the Air 
will not expand it felf, we cannot determine the heightof the Air: for 
fince; asiwe have fhewn, the proportion will be alway. asthe preffure 
foftain’d byiany partis to 35- fo 1000. to the expanfion of. that parts 
the multiplication or product therefore of the preflure, and expanfion, 
that is, of the two extream proportionals, being alwayes equal to the 

roduét-of the means ,-or 35000. it follows, fince that Rectangle or 
Produ& may bemade-up.of the multiplication of infinite diverfities of 
numbers, that the height of the Air is alfo indefinite for fince (as far as 
I have yet been able to try) the Air feems capable of an indefinite Ex- 
panfion, the preflure may be decreafed in safizitum, and coníequent]y its 
expanfion upwards indefinite alío. : 

"There being therefore fuch a difference of denfity,.and no Experi- 


ment’yet known to prove a Saltws, or fkipping from one degree of rari- 
ty td another much differing from it, that is, that an upper part of the - 
Air fhould:fo much. differ from that immediately fubjacezt toit, as to 
make a diftin&t fuperficies, fuch as we obferve between the Air and Wa- 
ter; c. Butit being more likely, that there isa continual increafe of 
rarity.inithe parts: of the Air; the further they are removed from the 
furfaceof the Earth ::Jtiwill hence neceffarily follow, that (as in the 
Experiment of the:falt and freíh Water) the ray of Light pafling ob- 
liquély through the Air alfo, which isof very different denfity, wil be 
continually; and infinitely inflected, or bended, from a ftreight, or direct 
motion. ; |^. pe ior | j 
_ This granted:, the. reafon of all.the above recited Phevomena , con- 
cerning the! appearance, of the Celeftial Bodies, will very eafily be de- 
Firft, "Ehe. rednef of the Sun, Moon, and Stars, will be, found,to be 
caufed -bycthe infleétion,.of the rays within the 4tmofphere. . That it is 
not reàllyin or néa#the Jyminous bodies, will, Ifuppofe, be very.eafily 
gratited; feeing 'that-thisirednes is obfervable in feyeral places differing 
in Longitude; tobe at/the fame time different, the fetting and rifing Sun 
of all parts. being for the molt part reds.) : : 31A odd Yo aoadouty 
And fecondly, That it is. not meerly the colour of. the Air interpos d; 
will; Ifuppofe, without much more difficulty be yielded, feeing that-we 
may obferve à very giteatizterflitiuzz of Air betwixt,the Object and. the 
Eye; makes itappeatiofi a.dcad blew, far enough differing from-a ted, 
pee 31 S31 SVE Aan ors tnonéel oi bsloga j 
- But thitdly; "Fhat'it proceeds from the refra&tionjor inflection; of. the 
raysby the Atmofphere, this folowing Experiment will; Huppofe, fuffici- 
ently manifeft. - & io wns scia al 2v gw! | T lsaguibbs 
> Pake-avfphizrical Gry ftalline Viol, fich-asis defcribd. in the, fifth Fi- 
gure) A BCD, andy \having fill dit with: pure clear! Water, expofe itto 
the Sun beams 5; then taking a pieceof very fine Henice ;Paper, apply it 
agatnft that fide: of: the Globe that is. oppafite to tbe Sun, as againft the 


fide 
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fide BC, and you thai! perceivea briol i pear, cairs’ 
1j ght red Ring to appear, cais'd b 
the refraction ofthe Rays A AJA A, which is made Hrs Globe ; E 
! 1 ery cleer, fo that 
no Sands nor bubbles in the Glafs, nor dirt in ihe. Water, pens ee 
perceive any appearance of any other colour. To apply which Experi- 
ment, we may imagine the Atma/pbhere to be a great tranfparent Globe, 


beamsthat are tangents, or next Within the tangents of this G : 
be refracted or inflected from their dire& paf gents ot this Globe, will 


the Globe, whence; according to the Jaws of r 


Mufcovi-glafs,there muft neceflarily.a Ppeara red colour in the tranfitys. 
or paflage of thofe tangent Rays. "To make this more plain, we will fupe 


: ? x : : lyin 
inthe-midít of it, neer to which, the parts of the Air, fultaining a man 


great prefiure, are thereby very much condens'd, from wlience thoíe 
Rays that are by inflection made tangents to thé Globe of the Earth,and 
thofe without them, that pafs throngh the more condens'd part of the 4j. 
mofphere, as fuppote between A and E, are by reafon ofthe inequality 
of the wedinm, inflected towards the center, whereby there müft neceí- 
farily be generated a red colour, as is more plainly {hewn in the former 
cited place ; hence whatfoever opacous bodies: (as vapours,or the like ) 
fhall chance to be elevated into thofe parts,will refle& a red towards the 
€yes and therefore thófe evenings and mornings appear reddeft;that have 
the moft-ftore of vapours and halituous fübítances exhaled to a conve- 
nient diftance from the Earth; -for thereby the inflection is made the 
greater,and thereby the colour alfo the more intenfesand feveral of thofe 
exhalations being opacous, reflet feveral of thofe ‘Rays, which, through 
an Homogeneous tran{parent szediusz would pafs unfeen s and therefore we 
fee, that when there chances to be any clouds fituated in thofe Regions 
they reflect a ftrong and vivid red... Now, though one great caufe of 
the rednefs may be this inflection, yet I cannot wholly exclude the colour 
of the vapours themfelves, which may have fomething of rednefs in them, 
they being partly nitrous,and partly fuliginous; both which fteams tinge 
the Rays that país through them, as is made evident by looking at bodies 
through the fumes of Aqua fortis, or {pirit of Nitre: [as the newly menti+ 
oned Illüftrious Perfon has demonftrated ] and. alío through the (moak of 
a Fire. or Chimney. ! Itu 
Having therefore made it probable at leat; that the miorninig and 
 vening rednefs may partly proceed from this infleétion or refraction of 
the Rays; we fhall next fhew, how the Oval F igure will be likewife eafily 
deduced. | | Be : 
Suppofe we therefore, EF GH in the fixth Figure of the 37..scheme, 
to reprefent the Earth; ABC D, the Atmopere; El, and EL; two Rays 


coming from the Sip; the one from the upper,the other from the —— 
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Limb, thefe Rays, being by the 4tmofphere inflected, appear to the eye 
at E, as if they had come from the points, N and O and becaufe the 
Ray L has a greater inclination upon the inequality of the Atmofpbere 
then I, therefore muft it fuffera greater inflection, and confequently be 
further elevated above its true place, then the Ray I, which has a lefs 
inclination, will be elevated above its true place; whence it will 
follow, that the lower fide appearing neerer the upper then really it is, 
and the two /ateral fides, viz. the right and left fide, fuffering no fenfible 
alteration from the inflection, at leaft what it does fuffer, does rather 
increafe the vifible Diameter then diminifh it, as I íhall íhew by and by, 
the Figure of the luminous body muft neceflarily appear fomewhat 
Eliiptical. 

This will be more plain, if in the feventh Figure of th 37. Scheme we 
fuppofe A B to reprefent the fenfible Horizon ; C D EF, the body of the 
Sun really belowit; GHIK, the fame appearing above it, elevated 
by the inflection of the Atmofphere : For if, according to the beft obfer- 
vation, we make the vifible Diameter of the Sunto be about three or 
four and thirty minutes,and the Horizontal refra¢tion according to Ticho 
be thereabout,or fomewhat more,the lower limb of the Sun E,will be ele- 
vated to 15 but becaufe,by hisaccount, the point C will be elevated but 
29. minutes, as having not fo great an inclination upon the inequality of 
the Air, therefore IG, which willbe the apparent refracted perpendicu- 
lar Diameter of the Sun,will be lefs then C G,which is but29. minutes;and 
confequently fix or feven minutes fhorter then the unrefracted apparent 
Diameter. The parts, D and F, will be likewife elevated to H and K, 
whofe refraction, by reafon of its inclination, will be bigger then that of 
the point C,though lefs then that of E;therefore will the femidiameter TL, 
be fhorter then LG, and confequently the under fide of the appearing 
Sun more flat then the upper. 

Now, becaufe the Rays from the right and left fides of the Sun, ¢c. 
have been obferv'd by Ricciolo and: Grzzzaldus, to appear more diftant 
one from another then really they are,though(by very manyObfervations 
that [have made for that purpofe,with a very good Te/efcope.fitted with a 
divided Ruler) I could never perceive any great alteration, yet there be- 
ing really fome,it will not be amifs,to fhew that this alfo proceeds from the 
refraction or inflection of the Atmofphere, and this will be manifeft,if we 
confider the Atmofphere as a tran{parent Globe, or at leaft a tranfparent 
fhell, Bde an opacous Globe;which, being more denfe then:the 
medium encompafiing it, refracts or inflects all the entring parallel Rays 
into a point or focus,fo that wherefoever the Obfervator is plac'd;within 
the Atmofphere, between the focus and the luminous body; the dateral 
Rays muft neceflarily be more converg'd towards his eye by the refracti- 
on or inflection, then they would have been without it; and therefore 
the Horizontal Diameter of the luminous body muft necefiarily: be aug- 
mented. 

This might be more plainly manifeft to the eye by the fixth Figare5 
but beeaufe it would be fomwhat tedious, and the thing being obvious 
: enough 
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enough to be imagin’d by 
ther omit it, and proceed to fh 
theEarth,confifts,or is made ae ges. 


y infle&ed,here one way.and 


wj on, either upwards or downwards,or 
2 OF In ome way compounded of thefe, they do by this 


: his way, and pref 
This irregular;unequal and unconftant infection of che = t way. 


Venus, appear to wave or dance: 
to tremulate or twinkle, their bodies,by t 
gnify’d,and fometimes diminifhed 5 (ometimes eleva 
prefsd 5 now thrown to the right hand, and ther to the left. 


{tribution of parts, ig 
d that are found in the 


: \ a dii and rarity, both as to 
quantity and refractions and likewife from the vapours that are inter- 


posd, (which,by the way, Iimagine,as to refraction or inflection, to do 
the fame thing, as if they were rarify d Air ; and that thofe vapours that 
alcend;are both lighter, and lefs denfe, then the ambient Air which boys 
themup; and that thofe which defcend, are heavier and more dente) 
The firft of thefe may be found true, if you take a good thick piece of 
Glafs,and heating It pretty hot in the fire, lay it upon fuch another piece 
of Glafs, or hang it in the open Air by a piece of Wire, then looking 
upon fome far diftant Obje&t (fuch asa Steeple or Tree) fo as the Rays 
from that Object país directly over the Glafs before they enter your cye, 
you fhall find fuch a tremulation and wavering of the remote Obje@, as 
will very much offend your eye: The like tremulous motion you may 
obferve to be caus'd by the afcending fteams of Water, and the like. 
Now, from the firft of thefe it ismanifeft, that from the rarifaction of the 
parts of the Air,by heat,there is caus'd a differing reftaCtion,and from the 
alcenfion of the more rarify'd parts of the Air, which are thrutt up by the 
colder, and therefore more condens'd and heavie, is caus'd an undula- 
tion or wavering of the Object; for I think, that there are very few 
will grant, that Glafs, by as gentle a heat as may be endur'd by ones 
hand, fhould fend forth any of its parts in {teams or vapours, which does 
not feem to be much wafted by that violent fire of the green Glafs-houfe ; 
but, if yet it be doubted; let Experiment be further made with that bo- 
dy that is accounted, by Chymifts and others, the moft ponderous and 
fix d in the world ; for by heating of a piece of Gold, and proceeding in 
the fame manner, you may find the fame effects, 

This trembling and fhaking ofthe Rays, is more fenfibly caus'd by an 
actual flame, or quick fire, or any thing elfe heated glowing hot ; as by 
a Candle, live Coal, red-hot Iron, or a piece of Silver, and the like: the 
fame alfo appears very confpicuous, if you look at an Object — 

; whie 
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which and your eye, the rifing fmoak of fome Chimney is interpos'd ; 
which brings into my mind what I had once the opportunity to obferve, 
which was, the Sun rifing to my eye juft over a Chimney that fent forth 
a copious fteam of fmoak 5 and taking a fhort Te elefcope, which I had then 
by me, I obferv.d the body of the Sun, though it was but juft peep d 
above the Horizon, to have its underfide, not onely flatted, and preís'd 
inward, as it ufually is when neer the Earth 5 but to appear more pro- 
tuberant downwards then if it had fuffered no refraction at all; and 
befides all this, the whole body of the Sun appear'd to tremble or dance, 
and the edges or limb to be very ragged or indented, undulating or wa- 
ving, much in the manner of a flag in the Wind. 

This I have likewife often obferv'd in a hot Sunfhiny Summer's day, 
that looking on an Object over a hot ftone,or dry hot earth,! have found 
the Objed to be undulated or fhaken, much after the fame manner. And 
if you look upon any remote Object through a Telefcope (in a hot Sum- 
mer s day efpecially.) you fhall find it likewife to appear tremulous. And 
further, if there chance to blow any wind, or that the air between you 
and the Obje& bein a motion or current, whereby the parts of it, both 
rarify'd and condens d, are fwiftly remov'd towards the right or left, if 
then you obferve the Horizontal ridge of a Hill far diftant,through a very 
good Telefcope, you fhall find itto wave much like the Sea, and thofe 
waves will appear to pafs the fame way with the wind. 

From which,and many other Experiments, tis cleer that the lower R e- 
gion of the Air,efpecially that part of it which lieth neereft to the Earth, 
has, for the moft part,its conftituent parcels varioutly agitated, either by 
heat or winds, by the firft of which, fome of them are made more rare, 
and fo fuffer a lefs refraction ; others are interwoven, either with afcend- 
ing or defcending vapours 5 the former of which being more light, and 
fo more rarify d;have likewife a lefs refraction ; the latter being more hea- 
vie, and confequently more denfe,have a greater. 

Now, becaufe that heat and cold are equally diffus'd every way 5 and 
that the further it is fpread, the weaker it grows; hence it will follow, 
that the moft part of the under Region of the Air will be made up of fe- 
veral kinds of /eztes, (ome whereof will have the properties of Convex , 
others of Concave glajes which, that! may the more intelligibly make 
out, we will fuppofe in the eighth Figure of the 37. Scheme, that A re- 
prefents an afcending vapour, which, by reafon of its being fomewhat 
Heterogeneous to the ambient Air,is thereby thruft into a kind of Globular 
form, not any where terminated, but gradually finifhed, that is, it is moft 
rarity d in the middle about A, fomewhat more condens'd about B B, 
more then that about C C; yet further,about D D, aimoft of the fame 
denfity with the ambient Air about EE 5 and laftly, inclofed with the 
more deníe Air F F, fo.that from A, to FF, there is a continual in- 
creafe of denfity. The reafon of which will be manifeft, if we confider the 
riling vapour to be much warmer then the ambient heavie Air; for by 
the coldnefs of the ambient Air, the fhell E E will be more refrigerated 


then D D;and that then C C,which will be yet more then B B, and that 
. more 
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pee Ex" fis * nt from F to A, there is a continual incteafe of heat, 
E ]uently Ov rarity 5 from. whence it will neceflarily follow, that 
€ Rays of light will be inflected or refra&ed in it, in the fame mans 
per as they would bein a Concave-elafé ; for the Ray: 
e inflected by GKH, GK 4, which will eafily follow from what I be- 
fore explained concerning the inflection of the Atmofphere. 


On the other fide, a defcending Vapour;or any part of the air included 
by an aícending vapour,will exhibit the fame eflects with a Convex Jens » 
for, if we fuppofe,in the former F igure,the quite contrary conftitution boi 
that laft deícrib'd ; that is, the ambient Air F.F being hotter then any 
part of that matter Within: any circle, therefore the coldeft part muft 
neceflarily be A, as being fartheft remov'd from the heat » all the 
intermediate .fpaces will be gradually difcriminated by the continual] 
mixture of heat and cold, fo that it will be hotter at E E, then D D, in 
DD then CC, in C C then E B,andin B B then A. From which, a like 
refraction and condenfation will follow 5 and confequently a leffer or 
greater refraction, fo that every included part will refrac more then the 
including, by which means the Rays, GK I, GK I, coming from a Starr, 
or fome remote Object, are fo inflected, that they will again concurr and 
meet, In the point M, By the interpofition therefore of this defcending 
vapour the vifible body of the Star, or other Object, isvery much aug- 
mented, as by the former it was diminifhed. | 

From the quick confecutions of thefe two,one after another, between 
the Object and your eye,caufed by their motion upwards or downwards, 
proceeding from their levity or gravity, or to the right or left,proceed- 
ing from the wind, a Starr may appear, now bigger, now lefs, then really 
it would otherwife without them; and this is that property of a Starr, 
which is commonly call'd twinkling, or fcintillation. .. 

The reafon why a Star will now appear of one colour,now of. another, 
which for the moft part happens when ‘tis neer the Horizon, may very 
eafily be deduc'd from its appearing now in the middle of the vapour; 
other whiles neer the edge; for if you look againft the body of a Starr 
with a Te/cfcope that has a pretty deep Convex Eye-glaís, and fo order it, 
that the Star may appear fometimes in one place,and fometimes in another 
of itsyou may perceive this or that particular colour to be predominant 
in the apparent Figure of the Starr, according asitis more or lefs remote 
from the middle of the Les. This I had here further explain'd, but that 
it does more properly belong to another place. 

Iíhall therefore onely add fome few Queries, which the confideration 
of thefe particulars hinted, and fo finith this Section. 

And the firft I fhall propound is, Whether there may not be made an 
artificial tranfparent body of an exact Globular F igure that fhall fo 
inflect or refract all the Rays, that,coming from one point, fall upon any 
Hemifphere of it; that every one of them may meet on the oppofite fide, 
and crofs one another exadly in a point ; and that it may do the like alfo 


With all the Rays that, coming from a Jateral point, fall upon any other 


Henmifjberes for if fo, there were to be hoped a perfection of Dioptricks, 
i and 
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and a tranfmigration into heaven, even whil ft we remain here upon earth 
inthe flefh, and a came or penetrating into the center and inner- 
moft recefles of the earth, and all earthly bodies nay, it would open not 
onely a cranney, but a large window (as I may fofpeak) into the Shop of 
Nature, whereby we might be enabled to fce both the tools and opera- 
tors, and the very manner of the operation it felf of Nature 5 this, could 
it be effected, would as farr furpafs all other kind of perfpectives as the 
vaft extent of Heaven does the {mall point of the Earth, which diftance 
it would immediately remove, and unite them, as 'twere,into one,at leaft, 
that there fhould appear no more diftance between them then the length 
of the Tube, into the ends of which thefe Glafies fhould be. nferted: 
Now, whether this may not be effected with parcels of Glafs of feveral 
denfities, I have fometimes proceeded fo farr as to doubt (though in 
truth, as to the general, 1 have wholly defpair'd of it) forI haveoften 
obferv'd in Optical Glaffesa very great variety of the parts, which are 
commonly called Veins; nay, fome of them round enough (for they are 
for the moft part, drawn out into ftrings) to conftitute a kind of lens. 

This I fhould further proceed to ope, had any one been fo in- 
quifitive as to have found out the way of making any tranfparent body, 
either more denfe or more rare; for then it might be poflible to compofe 
a Globule that fhould be more denfe in the middle of it, then, in any 
other part, and to compofe the whole bulk, fo as that there fhould bea 
continual gradual tranfition from one degree of denfity to another 5 fuch 
as fhould be found requifite for the defired inflection of the trazfzigra- ' 
ting Rays; but of this enough at prefent, becaufe I may fay more of it 
when I fer down my own Trials concerning the melioration of Dioptricks, 
wheré I fhallenumerate with how many feveral fubftances I have made 
both Adicrofcopes, and Telefcepes, and by what and how many, ways : Let 
füch as have leifure and opportunity farther confider it. 

The next Query fhall be, whether by the fame collection of a more 
denfe body thenthe other, or at leaft, of the denfer part of the other, 
there might not be imagin'd a reafon of the apparition of fome new fix'd | 
Stars, as thofe in the Swan, Caffiope’s Charr, Serpentariws, Pifois, Ce- 
tus, Gc. 

Thirdly, Whether it be poffible to define the height of the Atmojphere 
from this infle&ion of the Rays, or from the Quickfilver Experiment of 
the rarifaction or extenfion of the Air. 

Fourthly, Whether the difparity between the upper and under Air be 
not fometimes fo great, as to make a reflecting fuperficiess I have had fe- 
veral Obfervations which feem to have proceeded from fome fuch caufe, 
but it would be too long to relate and examine them. An Experiment, 
alfo fomewhat analogous to this, I have made with Salt-water arid Frefh, 
which two liquors,in moft Pofitions,feem'd the fame, and not to be fepa- 
rated by any determinate fuperficies,which feparating furface yet in fonte 
other Pofitions did plainly appear. ‘ 

And if fo, Whether the reafon of the equal bounding or terminws of 
the under parts of the clouds may not proceed from this caufe 5 whether, 

fecondly, 


- darSuperficies. Whether alfo this may not be found to caufe theappai 

rition of fome of thofe Parelii, ox counterfeit Suns, which appear coloni 
red, by refracting the Rays fo, asto make the bedy of the Sun appear in 
quite another place then really itis. But of this more elfewhere, 

5. Whether the Phexomena of the Clouds may not be made-out by 
this diverfity of denfity in the upper and under parts of the Airy) by 
fuppofing the Air above them to be much lighter then they themfelves 
are, and they themfelves to be yet lighter then that which is fubjacent 
tothem, many of them feeming to be the fame fubftance with the Cob- 
webs that fly in the Air after a Fag. ; 

Now that fuch a conftitution of the Air and Clouds, if fuch thete be; 
may be füfficient to perform this effec, may be confirm'd by this Expe- 
riment. 

Make as ftrong a Solution of Salt as you are able, then filling a Gla 
of fome depth half full with it, fill the other half withfreth, Water, and 
poyfe a little Glafs-bubble, fo as that it may fink pretty quick im frefh 
Water, which take and: put into the: aforeíaid Glaís; and you fhall find 
it to fink till it comes towards the middle, where it will remain fixt; 
without moving either upwardsor downwards, And by afecond Exs 
periment, of poifing fuch a bubble in water, whofe upper partis warmer; 
and confequently lighter; then the under, which is colder and heavier 5 
the manner of which follows in this next Query, which is, ! 583 

6. Whether the rarifaction and condeníation of Water be not rhade 
after the fame manner, asthofe effects are produc'd in the Air by heat 5 
for Lonce:pois'd a feal'd up Gla&-bubble fo exactly, that never ío {mall 
an addition would make it fink, anid as (mill a detraction make it fwim, 
which fuffering to reft'in that Veflél'of Water for fome time, Talwayes 
foundit about noon to be at the bottom of the Water, and at night, and 
in themorning, at the top: Imagining this to proceed from the Rari: 
faction of the Water, caus'd by the heat , I made tryal, and found. mofi 
true 5 for I was able at any time, either to deprefs, or raifeit; by heat 
and cold 5 for if I let the Pipe ftarid for fome time in; cold water, I 
could eafily raife the Bubble from the bottom, whither I had alittle a 
fore detruded it, by putting the fame Pipe into warm Water. ' And this 
way Ihave been able, fora very confiderable time, to'keep a Bubble fo 
poys'din the Water, as that it fhould remain in the middle, and neither 

fink, norfwim : For gently heating the upper part of the Pipe dcl 
Candle, Coal, or hot Iron; till I perceived the Bubble begin to defcend;, 
thenforbearing, l'have obferved it to defcend to“fuch or fuch aftation, 
and there to remain fufpended for fome hours, till the heat by degrees 
Were quite vanifhed , when it would again a(cend to its former Ae 
This Thave alfo often obferved naturally performed by the heat a w- 
Air, which being able to rarifie the upper parts of the’ Water fooner 


thenthe lower, by reafon of its immediate contad, the heat of thé Air 
: : 3 2 Wine } liso has 
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has fometimes fo flowly increafed, that I obferved the Bubble to be 
i ng between the top and bottom. 

"n epi iu Bipearance of die Pike of Tenerif, and feveral other 
hi h Mountains, at fo much greater a diftance then feems to agree with 
dicit refpective heights , be not to be attributed to the Curvature of the 
vifual Ray, that is made by its paffing obliquely through fo differingly 
Denfe a Medium from the top to the eye very far diftant in the Hori- 
zon : For fince we have already, I hope, made it very probable, that 
there is fuch anizfle&ion of the Rays by the differing denfity of the 
parts of the Air and fince [have found , by feveral Experiments made 
on places comparatively not very high, and have yet found the preffure 
fuftain'd by thofe parts of the Air at the top and bottom, and alfo their 
differing Expanfions very confiderable : Infomuch that I have found the 
preflure of the Atmofpbere lighter at the top of St. Paul's Steeple in Loz- 
don ( which isabout two hundred foot high ) then at the bottom by a 
fixtieth or fiftieth part, and the expanfion at the top greater then that at 
the bottom by neér about fo much alfo 5 for the Z4erewria! Cylinder at the 
bottom was about 39. inches, and at the top half aninch lowers the Air 
alfo included in the Weather-glafs,that at the bottom fill d only 155. fpa- 
ces, at the top fill'd 158. though the heat at the top and bottom was 
found exactly the fame with a ícal'd Thermometer: I think it very rational 
to fuppofe , that the greateft Curvature of the Rays is made neareft the 
Earth,and that the inflection of the Rays, above 3. or 4. miles upwards, is 
very inconfiderable, and therefore that by this means fuch calculations of _ 
the height of Mountains, as are made from the diftance they are vifible in 
the Horizon,from the fuppofal that that Ray is a ftraight Line ( that from 
the top of the Mountain is, as'twere, a Tangent to the Horizon whence it 
isfeen) which really is a Curve, is very erroneous. Whence, I fuppofe,pro- 
ceeds the reafon of the exceedingly differing Opinions and Affertions of 
feveral Authors, about the height of feveral very high Hills. 

8. Whether this Inflection of the Air will not very much alter the fup- 
pofed diftances of the Planets, which feemto have a very great depen- 
dence upon the Hypothetical refraction or inflection of the Air, and that 
refraction upon the hypothetical height and denfity of the Air: For 
fince (as I hope) Ihave here fhewn the Air to be quite otherwife then 
has been hitherto fuppos'd, by manifefting itto be, both of a vaft , at 
Jeait an uncertain, height, and of an unconftant and irregular, denfity ; 
It muft neceflarily follow, that its infle&ion muft be varied accordingly : 
And therefore we may hence learn, upon what fure grounds all the A- 
ftronomers hitherto have built, who have calculated the-diftance of the 
Planets from their Horizontal Parallax 5 for fince the Refraction and Pa- 
ral/lax areío nearly ally'd, that the one cannot be known without the 
other, efpecially by any wayes that have been yet attempted, how uncer- 
tain muft the Parallax be,when the Refraction is unknown? And how eafie 
isit for Aftronomers to aflign what diftance they pleafe to the P lanets;and 
defend them,when they have fuch a curious febterfige as that of Kefra&ti- 
on, wherein a very little variation will allow them liberty enough to place 
the Celeftial Bodies at what diftance they pleafe. If 
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If therefore we would come to any certainty in this point; we mutt go 


ere examined i 
ay E of the Air by other wayes then E Ew d 
nd : € Farallax of the Planets by wayes not yet practifed 5 and to this 
end, I cannot imagine any better Way, then the Obfervations of them b 
cpree of PUMA lye as neer as may 
der th ee of Jon ifferi ; 
much in latitude, as there can be es B. HEU Thee " 
perfons, at certain appointed times, fhould ( asnear as could be ) idi 
atthefametime, obferve the Way of the Asoon,. Mars, Venys Jupiter; 
and Saturn, amongft the fixt Stars, with a good large Telelcope ee: ma- 
king little Iconi(mes, or pictures, of the fmall fixed Stars : s 
each of them to'lye in or near the way of the Center of the Plánet, and 
the exact meafure of the apparent Diameter; from the comparin of 
fuch Obfervationstogether, we might certainly know the true di e 
or Parallax, of the Planet. And having any one true Parallax of thefe 
Planets, we might very eafily have the other by. their apparent Diame- 
ters, which the Tele(cope likewile affords us very accurately, And thence 
their motions might be much better known, and their Theories more ex- 
actly regulated. And for this purpofe I know not any One place more 
convenient for fuch an Obfervation to be made in, then in the [land of 
St. Heleva, upon the Coaft of. 4frick, which lyes about fixteen degrees 
to the Southwards of the Line, and is very near, according to the lateft 
Geographical Maps, in the fame Meridian with London 5. for though 
they may not perhaps lye exactly in the fame ». yet their Obfervations; 
being ordered according to what I fhall anon fhew, it will not be diffi- 
cult to find the trye diftance of the Planet,. But were they both under 
thefame Meridian, it would be much better. Io BUTTER 
And becaufe Obfervations may be much eafier, and more accurately 
made with good Telecopes, then with any other Inftruments, it will not 


Ifuppofe, fcem impertinent to, explain a little what. wayesI judge moft 
fit and convenient. for that particular. , Such, therefore as hall -be the 
Obfervators for this purpofe, fhould be furnifhed with the beft Telefcopes, 
that canbe had, the longer the better and more.exa& will their Ob er- 
vations be, though they are fomewhat the more difficultly manag'd. 
Thefe fhould be fitted with a Rete, or divided Scale, plac'd at fucha di. 
flance within the Eye-glafs,that they may be diftin@ly feen,which fhould 
be the meafures of minutes and {econds; by this Inftrument each Ob- 
fervator fhould, at certain. prefixt times, obíerve the Moon, or other 
Planet, in, or very near, the Meridian 5 and becaufe it may be very diffis 
cult to find two convenient ftations that will happen to be juft under the 
fame Meridian, they fhall, each of them, obferve the way of the Planet, 
bothfor an hour before, and an hour after, it arrive at the Meridian 5 
and by a line, or ftroke, amongft the fmall fixed Stars, they fhali denote, 
outthe way that each of them obfervd the Center of. the Planet to b 
movd in for thofe two hours: Thefe Obfervations each of them 4 

repeat for many dayes together, that both it may happen, that, os 
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them ‘thay fometimes make their Obfervations together, and ‘that from 
divers Experiments we may be the better aflured of what certamty and 
cxacttiefs fuch kind’of Obfervations are ‘like to prove. And becaufe ma- 
ny of the Stars which may Happen:ta come within the compafs of fuch 
án Iconifm, or Map, may be füch as are only vifible through a good Tele- 
feope, whofe Pofitions perhaps have not beer noted; nor their longitudes, 
or latitudes, any where remarked; therefore each Obfetvator fhould in- 
deavour to infert fome fixt Star,whofe longitude, and latitude, is known} 
or with his Telefzope he fhall find the Pofition of {ome notable felefcopieal 
Star, inferted in liis Map, to fome knownfixt Star, whofe.place in the Zo- 
diack is well defin'd. M 

Having by this means found the true diftance of the Moon, and ha- 
ving obferved well the apparent Diameter of it at that time with a good 
Telefcope, itis eafie enough, by one fingle Obfervation of the apparent 
Diameter ‘of the Moon with a good Glafs, to determine her diftances 
in any other part of her Orbit, or Dragon, and confequently, fome few 
Obfervations will tell us, whether fhe be mov'd in an EZipfis, (which, by 
the way, may alfo be found, even now, though think we are yet’ igno- 
tant of her true diftance) and next ( which without fuch Obfervati- 
ons, I think, we fhall not be fure of ) we may know exactly the bignefs of 
that E//ipfrs, or Circle, and her true velocity in each part, and thereby be 
mich the better inabled to find out the true caufe of all her Motions. 
And though, even now alfo, we may, by fuch Obfervations in one ftati- 
ón, as here at London, obfervethe apparent Diameter and motion of the 
Moon in her Dragoz, and confequently be inabled to make a better 
ghefs at the 5feczes or kind of Curve, in which. fhe is mov d, that is, 
whetherit bé fphzrical, or eZiptical, or neither, and with what propor- 
tional velocities the is carried in that Curve; yet till her true Paralax 
be known, we cannot determine either. ^ | 

Next, for the trie’ diftance of the Suri, the beft way will be, by accu- 
rate Obfervations, made in both thefe forementioned ftations, of fome 
convenient Eclipfe of the Sun, many of which may fo happen, as’to be 
feen by both ; Tir thé Pexumbra of the Moon may, if fhe be fixcy Semi- 
diameters diftant from thé Earth, and the Sun above feven thoufand, 'ex- 
tend to about feventy degrees on the Earth , and confequently bé feen 
by Obfervators as far diftant as Lozdex, and St. Heléza, which are not 
füllfixty nine degrees diftant, And this would much more accurately, 
then any way that has been. yet ufed, determine the Parallax; and di- 
ftance, of the Sun} for asfor the Horizontal Parallax I have ‘already 
fhewn it füfficiently uncertain 5. nor is the way of finding it by the Echipfe 
of the Moon/any other then hypothetical’; and thàt by the differetice of 
the true and apparent quadrature of the Moon is lefs not-uncertain, wit- 
nefs their Deductions from it,who have màde ule of it 5 for Fezdelrze puts 
that difference to be but 4’, 30". whence he deduces a vaft diftance of 
the Sun, asThave before fhéwn, ^ Rzcciolo makes it full 30’. oo. but Rez 
noldus, and. Kircher, no \efs then three degrees. And no wonder, for if 
we examine the Theorp, we fall find it fo complicated with uncertain- 
ties ^ Firft, 


Microcrapnta, 
c rom the irregular furface of 
axes, that unlefs the Dichotoy, h i / 
tick, and that in the Meridian. Be. all which ta Dime ol the ae 
that it is almoft impoffible to mak 
Befides, we are not yet certain, bu 


and were the true diftance of the Moon known. : 
But becaufe we find by the Experiments of Vendilime, Reinoldus, &c, 
that Obfervations of this kind are very uncertain alfo: It were to be 
wifht, that fuch kind of Obfervations, made at two very diftant ftati- 
ons, were promoted. And it is fo much the more defirable, becaufe, froth 
what [have now fhewn of the nature of the Air, itis evident, that the 
refraction may be very much greater then all the Aftronomers hitherto 
have imagined it: And confequently, that the diftance of the Moon, and 
other Planets , may be much lefle then what they have hitherto made 
it. 
For firft, this Inflection, I have here propounded, will allow the fha« 
dow of the Earth to be much fhorter then it canbe made by the other 
Hypothefis of refraction, and confequently, the Moon will: not fuffer an 
Eclipfe, unlefs it comes very much nearer the Farth then the Aftronomers 
hitherto have fuppofed it. A 
Secondly, There will not in this Hypothefis. be any other fhadow of the 
Earth,füch as Kepler fuppofes, and calls the Penumbra, whichis the fha- 
dow of the refracting Atmofphere s for the bending of the Rays being al- 
together caus'd by Inflection, as { have already thewn, all that part 
which is afcribed:by Kepler, and others after him, to the Pexumbra, or 
dark part, which is without the wmbra terre, does clear vanifhs for in 
this Hypothefis there is no refracting furface of the Air, and confequently 
there can be no fhadows, füch as appear inthe ninth Figure of the 37, 
Scheme, where let ABCD reprefent the Earth, and EFGH the 4t- 
mofphere,wh ich according to Keplers fuppofition,is like a Sphere of Water 
terminated with an exact furface EF G H, let the lines MF, LB, ID, 
KH, reprefent the Rays of theSun; ‘tis manifeft, that all the Rayes bez 
tween LB, and I D, will be reflected by the furfaée of the Earth 
BAD, and confequently, the conical {pace BOD would be dark and 
obícures but, fay the followers of Kepler, the Raysbetween MF, and 
LB, and between I D, and K H, falling on the Atmofphere , are re- 
fracted, both at their ingrefs and egrefs out of the Atmofphere, nearer to- 
wards the Axis of the {pzrical fhadow CO, and confequently, inlighten 
a great part of that former dark Cone, and fhorten, and contra, its top 
toN. And becaufe of this Reflection of thefe Rays, fa they, there is 
fuperinduc’d another fhell of a dark Cone F P H, whofe Apex P ‘is yet 


further diftant from the Earth: By this Peeumbra, fay they, the Moet 
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is Eclipfed, for it alwayes pafles between the lines r 2, and 


9 4. : 2 
ple ^ whichIfay, That ifthe Air befuch, as] have newly fhewn it to 
be, and confequently caufe fuchan inflection of the Rays that fallinto 


it, thofedark Pexumbras FYZQ, HX VT, andOR PS, willall va- 


nifh. For if we fuppofe the Air indefinitely extended, and to be no 
where bounded with a determinate refracting furface, as Fhave ihewn 
it uncapable of having, from the nature of it; it will follow, that the 
Moon will no where be totally obícured, but when it is below the Apex 
N, of the dark blunt Cone of the Earth's fhadow:Now,from the fuppofi- 
tion, that the Sun is diftant about feven thoufand Diameters, the point 
N, according to calculation, being not above twenty five terreftrial Se- 
midiameters from the Center of the Earth: It follows, that whenfoever 
the Moon eclipfed is totally darkned, without affording any kind of 
light, it muft be within twenty five Semidiameters of the Earth, and con- 
fequently.much lower then any Aftronomers have hitherto put it. 

This will feem much more confonant to the reft of the fecundary Pla- 
nets 5 for the higheft of ‘Jupiter's Moons is between twenty and thirty 
Fovial Semidiameters diftant from the Center of Jupiter; and the Moons 
of Saturn much about the fame number of Saturzial Semidiameters from 
the Center of that Planet. 

But thefe are but conjectures alfo,and muft be determin'd by fuch kind 
of Obfervations asI have newly mention d. 

Nor willit be difficult, by this Hypothefis, tofalve allthe appearances 
of Eclipfes of the Moon, for in this Hypothefis alo, there will be,on each 
fide of the (hadow of the Earth, a Pexixmbra, not caus d by the Refracti- 
onof the Air, as in the Hypothefis of Kepler, but by the faint inlight- 
ning of it by the Sun : For if, inthe fixth Figure,we fuppofe ES Q , and 
GSR,to be the Rays that terminate the Thani from either fide of the 
Earth ; ESQ coming from the upper limb of the Sun, andG SR. from 
the under ; it will follow, that the fhadow of the Earth, within thofe 
Rays, that is,the Cone GSE, willbetotally dark. But the Sun being 
not a point, but a large area of light, there will be a fecondary dark 
Cone of fhadow EPG, which willbe causd by the earth’s hindring 
part of the Rays ofthe Sun from falling onthe parts G PR, and EP Q. 
of which halved fhadow, or Pexuwbra, that part will: appear brighteft 
which lyes neareft the terminating Rayes G P, and EP, and thofe dar- 
kerthat lye neareft to GS, and ES: whentherefore the Moon ap- 
pears quite dark in the middle of the Eclipfe,fhe mutt be below S,that is, 
between $ and F5 when fhe appears lighter near the middle of the 
Eclipfe, fhemuft pafsfome where between R Q_and $5 and when fhe 
is aie light through the whole Eclypíe, the muft país between RQ, 
and P. 
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Obferv. L1X. . Of. multitudes of {mall Stars difoverable by the 
Telefcope. 


Aving, in the laft Obfervation, premis d fome particul ferval 
in the zzediuzzthrough which zi muft look m ay Aen 
I hall here add one Obfervation of the Bodies themfelves : and for a 
fpecimex| have made choice of the Pleiades, or {even Stars, commonly {p 
called. ( though in our time and Climate there appear no more then fix 
tothe naked cye ) and this I did the rather, becaufe the dcferyedly fa- 
mous Galileo, having publifht a Picture of this Afferifme, was able, it 


- feems, with his Glafs to difcover-no more then thirty fix, whereas with a 


pretty good twelve foot Telefcope,b y. which I drew this 38 Iconifzz,| could 
very plainly difcover fcventy cight, placed inthe order they are ranged 
in the Figure, and of as many differing Magnitudes as the Aflerishr 
wherewith they are Marked, do fpecifie ; there being no lef then four- 
teen feveral Magnitudes of thofe Stars, which are compris d within the 


- . draught, the biggeft whereof is not accounted greater then one of the 


third Magnitude; and indeed that account is much-too bigjf itbe com- 
pared with other Stars of the third Magnitude, efpecially by the hel p of 
aTelefcope ; for then by it may be percciv d, that its fplendor,. to the na- 
ked eye; may be fomewhat augmented by the three little Starsimmedi. 
ately aboveit, which are nearadjoyningto it. The Telefcope alo -difco. 
vers a great variety, evenin the bignefsof thoíe, commonly reckon d, of 
the firít, fecond, third, fourth, fifth, and fixth Magnitude 5. fo that thould 
they be diftinguifh'd thereby, thofe fix Magnitudes would, at Jeafty af. 
ford no lef then thrice that. number of Magnitudes, plainly enough di- 
ftinguifhable by their Magnitude, and brightnefss ía that a good twelve 


foot Glafs would; afford us no lefs then twenty five feveral Magnitudes, 


Nor are thefe all, but à longer Glafs does yet further, both more hicely 
diftinguifh the Magnitudes of thofe already noted, and alfo difcoyer fe- 
veralother of fmaller Magnitudes, not difcernable by the twelve foot 
Glafs: Thus haveT been able, with a good thirty fix foot Glafs, to difco- 
ver many more Stars in the Plezades then are here delineated, and thofe 


_ Of three or four diftindt, Magnitudes lefs. then any of thofé fpotsof the 


fourteenth Magnitude» ' And by the twinkling of divers other places of 
this Afterifine, when the Sky was very clear, lam aptto think, that with 
longer’ Glaffes, or fuch as would beara bigger aperture, there might be 
difcovered multitudes of other {mall Stars, yet inconfpicuous, Andin- 
deed, for the difcovery of fmall Stars; the bigger the aperture be, the 
better adapted isthe Glafs;, forthough perhaps it does make the feveral 
fpecks more radiant, and glaring, yet by that means, uniting more Rays 


very near to one point, indoés make many of thofe radiant points con{pir 
Kk | cuous, 
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cuous, which, by putting on a lefs aperture, may be found to vanifh 
and therefore, both for the difcovery of the fixt Star; and for finding the 
Satellites of Jupiter, before it be out of the day, ortwilight, I alwayes 
leave the Obje -glafs as clear without any aperture as I can , and have 
thereby been able to difcover the Satel/ites a long while before 3-I was 
able to difcern them, when the fmaller apertures were put on 5'and at o- 
ther times, to fee multitudes of other fmaller Stars, which a fmaller aper- 
ture makes to difappear. " LL. 

In that notable Afferifzz alfo of the Sword of Orion, where the ingeni- 
ous Monfieur Hugezs van Zulichem has difcovered only three little Stars 
in a clufter, [have with a thirty fix foot Glafs,without any aperture (the 
breadth of the Glafs being about fome three inches and a half )difcover'd 
five, and the twinkling of divers others up and down in divers parts of 
that fall milky Cloud. 

So that tis not unlikely, but that the meliorating of Tele/copes will af- 
ford as great a variety of new Difcoveriesin the Heavens, asbetter Mi- - 
crofeopes would among {mall terreftrial Bodies, and both would give us 
infinite caufe, more and more to admire the omnipotence of the Crea- 
tor. 


ed 


Obferv. LX. Of the Moon. 


Hz pretty large corner of the Plate for the feven Starrs, void, 
for the filling it up, I have added one {mall Specimen of the ap-- 
pearance of the parts of the Moon, by defcribing a {mall {pot of it,which, 
though taken notice of, both by the Excellent Hevelins, and called. 24ozs 
Olympus (though I think fomewhat improperly, being rather a vale) and 
reprefented by the Figure X, of the 38. scheme; and alfo by the Learn'd 
Ricciolus, who calls it Hipparchws, and defcribes it by the Figure Y, yet 
how far fhort both of them come of the truth, may be fomewhat per-- 
ceiv'd by the draught, which Ihave here added of ‘it, inthe Figure Z, 
C which I drew by a thirty foot Glafs, in O@ober 1664. juft before the 
Moon was half inlightned) but much better by the Reader's diligently 
obferving it himfelf, at‘a convenient time, witha Glaís cf that length, 
and much better yet with one of threefcore foot long 5 for through thefe 
it appears a very fpacious Vale, incompafled with a ridge of Hills, not 


_ very high in comparifon of many other in the Moon, nor yet very fne 


The Vale it felf A B.CD, is much of the figure of a Pear, and from. fe- 
veralappearancesof it, feemsto befome very fruitful place, that.is, to 
have its furface all covered over with fome kinds of vegetable fubftan- 
ces ;. for in all pofitions of the light on it, it feems to give a much fainter 
reflection then the more barren topsof the incompafiing Hills, and, thofe 
a much fainter then divers other cragged, chalky, or rocky Mountains 
Of the Moon, Sothat{ am not unapt to thiak, that the Vale may have 

Vegetables 


Microcrapnta, 


Vegetables analogus to our Graf, Shrubs, and Trees 3 and molt of thefe 
incompaffing Hills may be covered with fo thina vegetable Coat, as we 


may obferve the Hills with us to be, fuch as the fhort Sheep pafture which 
covers the Hills of Salisbury Plains. 


Upand down in feveral parts of this 


place here defcrib'd ( asthere 
are multitudes in other places all ov 


er the furface of the Moon) ma 
Which are fháp'd almoft likea di(h, 
Wer, fome deeper, that is, they f:em 


5 afled with around rifing bank, as if 
the fubftance in the middle had been dig 


im, or ridge,round about, higher then 


might have been caus'd by fome Earthquake in the younger dayes of the 
world, .. But that which does moftincline me to this belief, is, firft; the 


i i ive amimpreflion on the furface of the mixture, exactly 
Eie Moon, hes that thefe alfo quickly fubfide and vanith, 


1 i 1 ll pits, exactly fhap'd 
Il appear all over covered with {mall pits, | 
rA webs c and by holding a lighted Candle in a large - 
Room, in divers pofitions to this furface, you may exactly reprefent a 
the Phenomena of thefe pitsin the Moon, according asthey are more or 
Meere i been in the Moon faros fuch Á— 
is, which may. have made thefe pits, will feem the more probable 
ae a ee Earth, for the Earthquakes here with usféem 


j^ L/0f-Ala- 
to proceed from fome fuch caufe, as ee x ni. mb the po batter, 
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batter's there feeming to be generated in the Earth fromfome fubter- 
raneous fires, or heat; great quantities of vapours,’ that is; Of 'éxpar- 
ded aerial fubftances, which not prefently finding a paflage through the 
ambient partsof the Earth, do, as they are increafed by thefupplying 
and'generating principles, and thereby ( having not fufficient'room to 
expand themíelves ) extreamly condensd , at laft overpower’; with 
their claffick properties, the refiftence of theimcompafling Earth, and 
lifting it up, or cleaving it, and fo fhattering of the parts of the Earth 
above it; do at length, where they find the parts of the Farth above them 
moreloofe, make their way upwards, and carrying a great ‘part of the 
Barth before them, not only raife a fmall brim round about the place,out 
of which they break , but for the moft part confiderable high Hills and 
Mountains, and when they break from under the Sea, divers times, 
mountainous: Hands ; this feems confirmd by the Vulcans An feveral 
places ofthe Earth, the mouthsof which, for the moft part, are incom- 
palled witha Hill of aconfiderable height, and the tops of thofe Hills, 
ot Mountains, arc ufually fhap'd very much like thefe pits; or dithes, of — 
the Moon - Inftances of this we have in the defcriptions of iva in 87 
coly, of Hecla in feeland, of Tenerif inthe Canaries, of the feyeral Val- 
cans New-Spain, defcrib'd by Gage, and more efpecially in the erupti- 


. onof late years in one of the Cazary lílands.  In’all of which there is not 


only a'confiderable high Hill raifed'about the mouth of the Vulcan ;: but, 
like the fpots.of the Moon, the*top of thofe Hills are like adifh, or ba- 
fon. -« And indeed, i£ one attentively: confider’ the nature of the thing, 
onemay find fufficient reafon to judge ; that it cannot be otherwife 5, for 
thefe:eruptions, whether of fire, erímoak. alwayesrayfing great quan- 
tities of Earth before them, muftneceflarily, by the fall of thofe parts 
on either fide, raife very confiderable heaps. ^ vw 

Now, both from the figures of. them, and from feveral other: cir- 
cumftances; thefe pits in the Moon feem to have been generated 
muchi:after the fame manner that the holes inAlabafter, and: the ¥ul- 
caus.of the arth aremade. For firft; itis not; improbable; but that 
the fubftance of the Moon may be very much like thatof our Earth, 
that is; may confiftof anearthy, fandy, or rocky fübftance, in feveral of 
itsfuperficial parts, which parts being agitated, uwndermin'd, oriheav'd 
up, - by-truptions. of vapours, may naturally be thrown into thefame 
kindof figured holes, as the {mall-duft, or powder of Alabafter; |Next, 
it isnot improbable, but that there ‘maybe generated, within the body 
of the Moon, divers fuch kind of internal fires and) heats, asmay pro* 
duce fach Exhalations 5 or fince we-can plainly enough difcover with à 
Telefcope., that there are multitudes of fuch’ kind ‘of ‘eruptions in the 
body of the Sun it felf, which is accounted the moft noble JEtherial bo- 
dy, certainly we need not be much fcandaliz d. at fuch kind of alvera- 
"ons, ‘or corruptions, in the body of this lower and lefs confiderable 
part of the univerfe; the Moon, which 3s only fecundary, or attendant, 
on the bigger, and more confiderable body of the Earth. Thirdly, ‘tis 
not unlikely, ‘bucithar fuppofing ficha fandy or mouldring fübftance to 
be 
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be there found, and fappofing alío a poffibility of the generation of the 
( whether you will:call.it air or vapours) ‘tig 
“not unlikely. I fay, but that there jig the Moon a 


dy of the Moon it felf, which Wé'may perceive y 
lefcope, co be ( bating the fmall inequality of the Hills and Vales in it, 
which are all of them likewife (hap'd, or levelled, as it were, toanfwer 
tothe center of the Moons body 5 perfectly-of a Spherical figure, that 
is, all the parts of it are fo rang'd- ( bating the-comparitively fma] rugs 
gednefs of the Hills and Dales’) that the outmoft bounds of them are 
equally diftant from the Center of the Moon; and confequently, it js 
exceedingly probable alfo, that they are equidiftant from the Center of 
. gravitation; and indeed, the figure of the fuperficial parts of the Moon 
are fo exactly fhap'd, according as they fhould be, fuppofing it had a 
Pravitating principle as the Earth has, thát even the figure of thofé 
parts themfelves is of fufficient efficacy to make the gravitation, and the 
other two fuppofitions probable: fo that the other fuppofitions may be 
rather provd by this confiderable Circumftánce; or Obfervation, then 
this fupposd Explication can by them; for he that fhall attentively 
obferve with an excellent Telefcope, how allthe Circumftances, notable in 
the fhape of the fuperficial parts, are, as it were, exactly adapted to 
fuit with füch a principle,will,ifhe well confiders the ufual method of Nas 
ture in its other proceedings, find abundant argument to believe itto have 
really there alfo fach a principle; forTcould never obferve;among all the 
mountainous or prominent parts of the Moon ( whereofthere Isa huge 
variety ) that any one part of it was plac'd in fuch a manner,that if there 
fhould be a gravitating, or attracting principle in the body of the Moon, 
it would make that part to fall, or be mov d out of its vifible pofture, 
Next, the fhape and pofition of the parts is fuch, that they all feem put 
into thofe very fhapes they are in by a gravitating power 7 For firft,there 
are but very few clifts, or very fteep declivities in the alcent of thefe 
Mountains; for befides thofe Mountains, which are by Hevelius call'd the 
Apennine Mountains, and fome other, which feem to border on the Seas 
of the Moon, and thofe only upon one fide, asis common alfo in thofe 
Hills that are here on the Earth; there arevery few that feem to have 
very fteep afcents, but, for the moft part, they are made very round, 
and much refemble the make of the Hills and Mountains alfo of the 
Farth 5 thismay be partly perceived by the Hills incompafling this Vale, 
which I have here defcrib’d ; and as on the Earth alfo, the middlemoft 
of thefe Hills feems the higheft, fo is it obvious alfo, through a good Te- 
lecope, in thofe of the Moon ; the Vales alío in many are much fhap'd 
like thofe of the Earth, and Iam apt to think, that could we look upon 
the Earth from the Moon, with a good Telefcope, we might eafily enough 
perceive its furface to be very much like that of the Moon. -— — 
Now whereas in this {mall draught, (as there would be multitudes i 
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Ebullitions, or Difhes, even in the Vales themfelves,and in the incompaf- 
fing Hillsalfo 5 this will, from this fuppofition, (which I have, I think, up- 
on very good reafon taken) be exceeding eafily explicables for, as I 
have feveral times alfo obferv'd, inthe furface of Alabafter fo ordered, 
as I before defcrib'd, fo may the later eruptions of vapours be evenin the 
middle, or on the edges of the former 5 and other fucceeding thefe alfo 
in time may be in the middle or edges of thefe, &?c. of which there are 
Inftances enough in divers parts, of the body of the Moon, and bya 
boyling pot of Alabafter will be fufficiently exemplifid. 

To conclude therefore, it being very probable, that the Moon has a 
principle of gravitation , it affords an excellent diftinguifhing Inftance 
in the fearch after the caufe of gravitation, or attraction, to hint, that it 
does not depend upon the diurnal or turbinated motion of the Earth, as 
fome have fomewhat inconfiderately fuppofed and affirmed it to do; for 
if the Moon has an attractive principle, whereby it is not only fhap'd 
round , but does firmly contain and hold all its parts united, though 
many of them feem as loofe asthe fand on the Earth, and that the Moon 
isnot mov'd about its Center; thencertainly the turbination cannot be 
the caufe of the attraction of the Earth; and therefore fome other 
principle muft be thought of, that will agree with all the fecundary as 
wellas primary Planets. But this, Iconfefs, is but a probability, and 
not a demonftration, which (from any Obfervation yet made ) it feems 
hardly capable of, though how fuccefsful future indeavours (promoted 
by the meliorating of Glafles, and obferving particular circumftances) 
may bein this, or any other, kind, muft be with patience expected. 
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Obfervat. 1. Of the point of aNee- 
dle. 


Delcription of it: what other 
A Bodies have the Sharpeft points : 
of the ruggedme[s of polifht Metal. A 
defcription of a printed point. Of ve- 
ry mall writing, and the ufe of it for 
feret: intelligence s the caufe of the 
courfuefs of printed lines and points. 


Obferv.2: Of the Edge of a Razor. 


4 defcription of it : the canfes of 
itsrougbneff : of the roughneff of very 


- well polifht Optick Glaffes. 


Obfer.3. Of fine Lawn. 


A defcription of it> A filken Flax 
mention dan attempt to explicate the 
Phariomena of it, with a conjedure 


at the cauje of the glofeof Silk. 
Obferv. 4: Of Tabby: 


A fbort defcription of it. A conje- 
Gure about the.reafon why Silk is fo 
Jufceptible of vivid colours : and why 
Flax and Hair is not. A conjechure, 
that it may perhaps be poffeble to fpin 
4 kind of artificial Silk: out of fame 
glutinous Jubflance that may equalize 
natural Silk, —-. 


Obfery, 5. Of water'd Silks. 0" 


The great unaccuratenels of artif- 
cial works. A defeription of apieceof 
maker d. Silk; an Explication of the 
caufe of the Phenomena : the may by 
which that operation is perform’ d 


| . Pag. 
fome other Phzenomena mention'd 10 
depending on the fame cane, 


Obferv. 6. OF Gla#Canes; 


The exceeding finalne(6 of fome of 
thefe Bodies By war oe 4 
lowneff of thefe fmall pipes was difco- 
ver d: feveral Phenomena of it men- 11 
Hon d... 4m attempt to explicate them 
froz the congruity and incongruity of 12 
Bodies : what thofe proprieties are, A 12 
hypothetical explication of fluidity : of 

the fluidity of the air and Jeveral other 14 
Phenomena of it : of congruity ins yg - 
congruity; idluffrated with feveral Exe 16 
periments:what effehs may be alcrib'd 17 
to thefe properties > an explication of 18 
the roundnel’ of the furface of fid 


| Bodies: how the ingreftof finid bodies i 9 


22104 fmall hole of an heterogenious 20 
body 35 hindred by incongruity s.a 


multitude of Phenomena explicable 21 - 


hereby. Several Queries propounded s 
1. Concerning the propagation of light 
through differing mediums. 2. Con= 22 
cerning Gravity. 3. Concerning the 
roundnefs of the Sun, Moon, and Pla... 
nets. 4. Concerning tberoundnefeof. 
Fruits, Stones, and.divers artificial 
Bodies. His Higbneff Prince Rupert's 23 
way of making Shot. Of the roundness 24 
of Hail, Of the grain of Kettering 
Stone,and of the Sparks of fire. 5.Con- 25 
cerning -. fpringineff and tenacitys 
6. Concerning the original. of Foun-.a6 
tains; feveral Hiftories and Experi- 
ments relating theretos. 7.Concerning 27 
the. diffolution: of Bodies in Liquors 
8.. Concerning the universality of this, 28 
Principle: what method mas taken im 
making and applying experiments. The 
explication 


— — 


| 
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explication of filtration, and feveral | 
29 other Phenomena s fuch as the motion 
of Bodies on the furface of Liquors: fe- 
30 veral Experiments mention d to this 
purpofe.Of the height to which the ma- 
ter may rife in thefe Pipes,and a conje- 
31 ure about the juices of Vegetables, 
the ufé of their pores. A further expli- 
cation of Congruity: And an attempt of 
folving the Phenomena of the firange 
Experiment of the fufpenfion of the 
32 Mercury at a much greater, height 
then thirty inches. The efficacy of im- 
mediate contad, and the reafen of it. 


33 «» Obferv. 7. Of Glafs drops. 
Several Experiments made with 
34 thefe fmmal! Bodies. The manner of the 
breaking and flawing of them, expli- 
33 cated by Figures. What otber bodies 
will be flawed much inthe fame man- 
ner : fome other tryals, and a defcrip- 
tion of the Drops themfelves: fome 
conjectures atthe canfe of the Phz- 
nomena,izdeavoured to be made pro- 
36 bable by feueral Arguments and Expe- 
'00— viments.An Experiment of the expan- 
from of Water by heat,and fbrinking by 
cold + the like Proprieties fappos'd in 
37 Glafdrops, and what effects proceed 
from them: the feven Propofitions on 
which the conjectures are. grounded. 
- — Experimentsto fhew, tbat bodies ex- 
38 pand:by beat. The manner of making 
Thermometers, azd the Inftrument 
39 for graduating them. T. he manner of 
graduating them, and their ues O- 
ther Experiments to prove the expan- 
40 from of bodies by beat.Four experzmen- 
tal Arguments.to prove theexpanfion 
4& of Glaf by heats further prov d by the 
Experiment of boyling. Alabafiers 
which is explicated:. An explication 
of the contracting of heated: GlafSup- 
à on cooling. An explication how the 
parts of tbe.Glaff become bent by fird- 
den cold, and how kept from extrica- 
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ting themfelves by the comtignation of 
the Claff drop 5. which is further ex- 
plicated by another Experiment made 
with a hollow Glaff ball: the reafon of 
the flying afunder of the parts further 
explicated : that "tis probable thefe bo- 
dies may have many flaws, though not 
vifible,and why: how a gradual beat- 
ing and cooling does put the parts of 44 
Glaf, and other hardned bodies , 
into a loofer texture. 


43 


^ 
Obferv. 8. Of Fiery Sparks. 


The -occafion aud. manner of ma- 
hing this Experiment: divers Obfer- i 
vations fet down in order to the find- 
ing out thereafous : fome conjeciures 
concerning it, which are endeavoured 
te beexplicated and confirm'd by fe- 
veral Experiments and Reafous> the a 
Hypothefis a littJe further explica- 
ted. Some Obfervations about the ,- 
Globular Figures and an Experiment 
of reducing the filings of Tin or Lead 
to exactly round Globules. 


Obferv; 9. Of Fantaftical Colours. 


The texture of Mufcovy Glaff's its 
Figureszmbat other Bodies are like it: 
that it exhibits feveral colours , and 
however al Obfervations aud Experi- 
ments about thofe. colours : thereafon | 
why om this occafian the nature of co» ^? 
lours às inquir d into. A cotrjeibure at 
thereafom of thefe colours explicated 5° 
by feveral Experiments and Reafons + 
Firft, by continual cleaving the Body 
tillit become coliur'd. Secondlys\by 
producing all kinds of colours with 
two fiat Plates of Glas. Thirdly, by 
blowing Gla(f fo thin in the Lamp, till 
it produce the fame eflet, Fourthly;by 25 
doing the {ame mith Bubbles of di-. - 
vers other tranfparent Bodies »..tbe 
reajoms of the colours on neuled. Steel, 
where. by the way, the canfes of tha. 5? 

hardning 
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52 hardning and tempering of Steel, 
ezideavour d tobe [besos and explica- 
ted by feveral Reafons and Experi- 
ments: the reafon of the colours on 

53 Lead, Brafs, Copper, Silver, c. other 
Inflances of fuch colour'd bodies 7 
animal fubflauces ; Jeveral other di- 


Jlinguifbing Obfervations. DesCartes | 


54 Hypothefis of Colours examin'd. An 
Hypothefis: for the explication of 
light by motion, indeavoured tobe 
explicated aud determined by feve- 

55 ral Reafous and Experiments: three 
diflinguifbing Properties of the moti- 


56 on of light. The diflinguifhing Proper- | 


ties of a trafparent Medium [ that 


there feems to be no Experiment that | 


proves the Inftantaneous motion of 
57 light | the manner of the propagati- 
on of light through them. Of the ho- 
mogenicty azd heterogeniety of 
tranfparent Mediums , and what ef- 
feds they canfe om the Rayes of light, 
explicated bya Figure: an Exami- 
58 vation of thercfrattion of the Rays 
by a plain Surface , which caufes Co- 
lours, An Examination of the like ef- 
59 Ses produced by a fpherical Surface : 
the ufé that may be made of thele Ex- 
periments , for the examination of 


Jeveral Hypothefes of Colours. Des | 


60 Cartes Hypothefis examin'd. Some 
- 61 Difficulties taken notice of in it. What 
feems moft likely to be the e" of. co- 
lour: that propriety is indeavoured 
92 tobe foewn ina Glaff ball: that the 
reflection is not neceffary to produce 
63 Colours wor a double refraction : the 
Hypothefis further examined.botb in 
64. the pellucid Medium and zz the Eye. 
The definitions of Colourssand a fur- 
65 ther explication and examination if 
66 the Proprieties of laminated Bodies ; 
67 by what means they conduce to the 
production of Colours. 


Obferv. 10. Of Metalline Colours. 
68 That all Colours feet to be caus d by 


refratlion. Ax Hypothefis confonant 
hereunto,explicated by Figures, How 69 
several Experiments » Of the fuddex 
changing of Colours by Chymical Li- 
quors, may be hereby explicated : how 76 
wan) wayes fuch Chymical Liguors 
may alter the colours of Bodies. 
Objetions made againfl this. Hypo- 71 
thefis of two colours only indeavour- 
ed to be anfwer'd, by feveral Reafors 
and Experiments, ihe reafon why 72 
Jome Colours are capable of being di- 
luted,others not :wbat thofe are: that 
| Probably. the particles of oft metal. 
Line Colours are tranfparent s for this 
Jeveral Arguments and Obfervations 
are recited : how Colours becoute in- 73 
capable of diluting , explicated by a 
Sinnlitude. An Inflrusent, by which 74 
one andthe fame coloured Liquor at 
once exhibited all the degrees of co- 
lours between the paleft yellow and 
deepeftred: as likewife another that 
exhibited all varieties of blues: fe- 
veral Experiments tryd with thefe 
Boxes, An Objettion drawn from the 75 
“ature of Painters colours anfwered: 
that diluting and whitening a colour 
are different operations ; as are 
deepening and blackening : by lome 
may be diluted by grinding, and foue 
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other by being tempered with Oy]: 
feveral Experiments for the explica- 76 
ting of fome former Affertions: why 77 
Painters are forced to make ue of 
many colours : what thofe colours are : 
and how mixt. The conclufion, that 78 
moft coloured Bodies feem to confi? — 
of tranfparent particles: that alico- 79 
lours diffoluble in Liquors are capa- 
ble of diluting : fome of mixing, what 
T" variety may thereby bepra- 
uc d. 


Obferv. ít. Of the Figüres of 
Sand. 


Of the fubftances aud shapes of So 
L ] 
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common and other Sards: a defcri- 
ption of a ver) frzall Shell. 


81 Obferv. 12. Of Grpvel in Urine. 


A defeription of fud Gravel, and 
82 fame tryals made witbit , and conje- 
ures at its cane. 


Obfer. 13. Of Diamonds in Flints. 


A defeription amd. examination of 
fome of them, expliated further by 
83 Cornifh Diamonds : everal Obferva- 
tions about reflection and refraction : 
and [ome deduttion: therefrom 3 4s 
an explication of whitenefss that the 
Air has a fironger ve[etd ion then Wa- 
Q4 ter. Hom feveral Bodies may be made 
tran{parent : an explication of the 
24 Phenomena of Oculus Mundi. of 
the regular Geometrical Figures of 
96 feveral Bodies : an hypothetical expli- 
87 cation mentioned: the method of pro- 
fecuting this inquiry. 


gg Obferv 14. Of fiozen Figure. 


The Figures of boar Froft, and the 

9o Vortices on windows: feveral Obfer- 

vations on the branched Figures of 

o Urine: the Figures f Regulus Mar- 

; tisftellatus, and of fern. Of the Fi- 
ga Sures of Snow, Of frozen water. 


Obferv. 15. Of Kettering Stone. 


A defcription of the Figure of the 
Particles, and of thePores, and of the 
Contexture. Several 0bfervations and 

& Confiderations thererpon : fome Con- 
jedures about the medium avd pro- 
pagation of light, and the conftitution 
of fluid and tranfparent Bodies. Se- 
veral Experiments to prove the po- 
roufne® of ; Marble, and [ome other 
Stones. Am account of [ome Experi- 
ments to this purpofe made on an 


9 
97 
98 


ABLE. 
| Oculus Mundi: fome other Confide- 99 


rations and Experiments about the 
| poroufaeff of Bodies: fome other Con- 400 
| fiderations about the propagation of 


| light and refraction. 
Obferv. 16. Of Charcoal. 


Of two fort of Pores to be found yor 
in all Woods and Vegetables; the 
Jhape of them; the number , thick: 
nes, manner and ufe of thefe Pores. 

An explication of the Phenomena 102 
of Coals, The manner of charring 
Wood, or any other body. What part 

of Wood is combuflible. An Hypo- 1o3 
thefis of fire explicated in twelve yo 
particulars , wherein the Adionof 
the Air as a Menftruum, zz the dif- 
folution of all fulphureows bodies, ds 
very particularly explicated , and xos 
fome other Confiderations about the 

Air, propofed : the examination of 

a piece of Lignum foffile fezt from 1o6 
Rome, and fome Conclufions thence 


deduc d. 


Obferv. 17. Of Wood, and other 107 
Bodies, petrified. 


Several Obfervations of divers 
hinds of thefe fubfiances.A more par- 108 
ticular examination and explicati- 
on of one very notable piece of petri- 
fied Wood s and fome Conjehures a- 
bout the caufe of thofe productions « 

feveral Obfervations made on other o9 
petrified Bodies, as Shells, &c.. Aud. yo 
fome probable Conclufions thence de- y y y 
duc'd , about tbe original canfe of yy 
thofe Bodies. 


Obferv.18. Of the Pores of Cork, 
and other Bodies. 7 
Several Obfervations and Confi- 
derations about the nature of Corks 

| the number of Pores im a cubical 
| Inch, 
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Inch, and feveral Coufider ations a- 
115 bout Pores. several Experiments 
and Obfervations about the nature 
of Cork: tbe Texture and Pores of 
the Pith of an Elder, and feveral o- 
ther Trees : of the Stalks of Bur- 
docks ,Teafels,Daifies Carret,F ennel, 
116 F erne,Reeds, &c. of the Srothy tex- 
ture of the Pith of a Feather : fome 


Conjetfures about the probability of | 


valnes in thefe Pores. Argued alo 

from the Phenomena of the fenfi- 
117 ble and humble Plant: fome obfer- 
120 vations on which are inferted, 


121 Obferv. r9. Of a Vegetable 
growing on blighted Leaves, 


122 Several Obfervations and Exa- 

123 minations made of them : feveral 

124 Confiderations about fpontaneous 

125 generation arifing from the putre- 
jation of Bodies. 


Obferv. 26. Of Blew Mould and 
Mufhromes. ' 


126 The defiription of feveral kinds 
127 of Moulds. The method of proceed- 
ing in natural Inquiries. Several 
Confiderations about the nature of 
Mould and Mufhromes. X. That 
they may beproduc d without feed. 
2. That they feem to have none. 
3. That Salts &c. are fbap d into as 
128 curious figures without a feed. 4. of 
akind of Méufbrome growing in a 
Candle: A more particular explica- 
tion of this loft fort of Mufbromes. 
129 5- Of the figure and manner of the 
production of petrified Iceicles:feve- 
ral deduttions from tbefe Confidera- 
120 tons, about the nature of the vege- 
tation of Mould and Mufbromes. 


131 Obferv.*21. Of Mofs. 


132 The defcription of feveral forts of 


Mofes upon this occafion feveral 

Conjetlures abeut the manner of the 

produttion of tbefé kinds of Bodies, 

are hinted, and fome of them expli- 

| cated by a Similitude taken from a 133 

| piece of Cloch-vork. The vaft diffe- 134 

| rence of the bignefCof vegetable Box 

| dies; andthe probability that the 
leaf? may Pe acie 45 CHYious 

contrivances asthe ereatefl ; Of pou] 

titudes of other ou iei gs E- 

AMufbrozaes ,- ard other wegetating 

Principles, in Water; Wood, &c. 


Obferv. 22. OfSponges,and other 
fibrous Bedies, 


Several Obfervations and Conje- 
Cures about themaking of thefe Bo- : 
dies; andfeveral Hiflories out of 
Authors.Scarceany other Body hath 137 

Juch atextures the fibrous texture 138 
of Leather, Spunk; &c. (which are 139 
there defcrib'd ) come neareft to tt. 
That upon tryal with a piece of 
Spunge and Oyi the neceffity of ve- 140 
[piration could xot be alter d. 


36 


Obferv. 23. Of the Form of Sea- 
weed, 


From the csrionfly fhap'd sur- 
face of this Seaweed, and fome o- 
thers,s conjectured the polfibility of 141 
wultitudes of ibe like, ° 


Obferv. 24. Of the Surfaces of 
fome Leaves; 


The deferiptun, 1. Of the bald 
Surfaces of Leaves. 2. Of the dow- 
ny Surfaces of .feveral others. 
3. Of the gumnows ex[udation, -ór 14 
| fall tran[parezt Pearls, difcovered 
with a Microkope zm. feveral_s- 
thers. An Inftance of all whith is 
afforded im a Fofémary Leaf: 


Obferv: 
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Obferv. 25. Of the ftinging 
Points of a Nettle, 


A defeription of the Needles and 
feveral ether contrivances in the leaf 
144 of a Nettle: bom the flinging pain is 

created : upon this [everal confidera- 

tions about poyfoning Darts are fet 

down, An Experiment of killing Effs, 

and Fifbes with Salt. Some conjettures 

at the efficacy of Baths 5 the ufe that 

may be made of injecting into the 
145 Veins. A very remarkable Hiflory 
out of Belloniuss end feme Confide- 
rations about [laining and dying of 
Bodies. 


lI » 


Obferv. 26. Of Cowage. 


The defcription of it out of Parkin- 

146 fon:an Experiment made of it: a de- 

feription, and fome conjeélures at the 
cau/e of the Phenomena. 


Obferv. 27. Of the Beard of a 
wild Oat. 

147 — ; 
148 — Lhe defeription of its foape and 
149 properties: the manner of making a 
150 Hygrofcope with it; anda Conje- 
151 Sure at the caufes of the/e motions, 
152 aud of the motions of the Mufcles, 


Obferv! 28. Of the Seeds of Ve; 
nice Looking:glafs. 


153 The defcription of them, 
Obfer.29. Of the Seeds of Time. 


134 .. A de/tription of them. A digreffion 
about Natures method, — 


Obferv. 30. Of Poppy Seeds, 


155 The defeription and fe. of 


them. 


TS ptr. 


Obferv. 31. Of Purflane Seeds. 156 


A de[criptien of thefé and many 
other Seeds. 


Obferv. 32. Of Hair. 157 
The defcreption of feveral forts of 158 
| Hair ; their Figures and Textures: 
the reafon of tbeir colours,A de[criptt- 1 59 
onof the texture of the skin, and of 160 
Spunk and Sponges: by what paf- 161 
[ages and pores of the skin tran[pira- 
tion feems to be made. — Experiments 
te prove the poroufne/s of the skin of 
Vegetables, 


Obferv. 33. Of the Scales of a 144 
Soale. 


A de[cription of their beauteous 


| form. 
Obferv. 34. Of the Sting of a Bee. 165 


A de[cription of its Jbape, mecha: xq 4 
aime, and ufe. 


Obferv. 35. Of Feathers. — 165; 
166 
A defeription of the [bape and cu- 167 


reous contexture of Feathers : and 
[ome conjeflures thereupon. 


Obfer. 36. Of Peacocks Feathers. 


A defeription of their curious form 168 
and proprieties ; mith a conjeélure at 169 
the caufé of their variable colours, 


Obfer. 37, Of the Feet of Flyes, 
and other Infects. 


A defcrigtion of their figure,parts, 37 
and ufe s and feme confiderations 4 
thereupon, 


Obfery. | 
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172 Obfer.38. Of the Wings of Flyes, 


After what manner, and how [wift. | 


173 ly the wings of Infetls thoves (A de. 


[ription of the Pendulums under the | 


174 —— , end their motton : the Jbape 
and firutture of the parts of the wing. 


175 Obfer. 39. Of the Head of Els. 


1. AL the face of a Orone.fly ts no- 
thing almoft but eyes.» 2. Thofé are 
176 of two magnitudes, 3, They are 
Hemi/pheres, and very rc fled ive and 
[mooth. 4.. Some dire&led towards eve. 
ryquarter. 5. How the Fly cleanfes 
them.6 Their number. 7 Their order : 
177 divers particulars obferv'd inthe dif: 
178 felling a bead. That thefe are very 
probably the eyes of the Creature y ar. 
gued from feveral Obfervatienr and 
179 Experiments, that Crabs, Lobfters, 
Shrimpssfeem tobe water Infefls,snd 
to be framed mach like Air Infeéts: 
180 Several Confiderations about their 
manner of vifion. 


Obfer,40.Of the Teeth of a Snail; 
181 A brief defcription of it. 


Obferv. 41. Of the Eggs of Silk. 
worms. 


182 . Several Ob[ervables about the 


Eggs of. Infeéts: 
183  Obferv. 42. Of ablue Fly. 


184 A de[cription of its outward and 
inward parts. Its bardine[s to indure 


185 freexing and fleeping inS pirit of wine. 
Obferv. 43. Of a water Infect. - 


186 — 4 defcriptien of its foape, tran[pa- 
rency, motion, both internal and pro- 


| Srelfivesand transformation, A Hiffo. 1 85 
ry [omewhat Analogus cited out of 
Pifo. Several Ob/ervationr abbut the 188 
various: wayes of the generations of 
Infeéts : by what means they aft fo , $ 

feemingly wefely and prudently Seve. y 2 
ral Queries propounded, Pofifeript, 198 
containing avelation of another UY yoo 
odd way of the Lencrationof Infesbr. 
4n Obfervatión about the fertility ‘of 

the Earth of our Climate in producing 

Infetts, and e dioe, orbey mayes' of 193 


| their Zenerátion; 


Obferv, 44, Ofthetufted Gnat. 


Several Obfervables about Infeéts, 
and à mere particular defcriptzon of 1 
the parts of this Grat, ^ i d 


Ob.45.Of the great belly'd Gnat, , 9; 


A Jbort defcription of if, 
Obfer. 46. ‘Of à white Moth. 


- A deféribtion of the feathers and 196 
wings of this, and feveral other In. 197 
felts. Divers Confiderations about the 198 
wings, and the flying of Infetts and 


Birds. 
Obf. 47. Of the Shepherd Spider. 


A defeription of tts Eyes : and the 
fackets of its long legs: anda Conje- 199 
dure of the mechameal reafon of its 
fabriek; together with a (wppofition, 
that tis not wnlikely,but S piders may . 
have the make of their inward parts 
exactly like a Crab, which may be 425 
call'd a water Spider. T 


Obfer.48. Of the hunting Spider, 
A hort defcription of it stowbich 


is annext an excellent Hiffery of tty 
made by Mr, Evelyn. Some further 
Mm Obfers 
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202 Ob/erwations on other Spiders , end | mation of the variety of formas in other 


their Webs , together with an cxami- 
nation of awhite Subflance flying up 
and down in the Air after a Fog. 


20$ Obfer. 49. Of an Ant. 
That all. {mall Bodies, both Vege- 
table and Animal, do quickly dry and 
wither.The beft remedy 1 found to bine 
der it,and to make the Animal lye fill 
204 to be ob[erv/ d, Several particidars re- 
lated of the aétions of this Creature ; 

205 and a [bort de[cription of its parts. 


Obf. 5o. Of the wandrisg Mite. 


206 
of another very (mall ane , whieh ufu- 

ao, 4ly bore it company. A Conje&ture at 
the original of Mites, 


Obferv.51. Of a Crab-like Infe&t, 


208 A brief de[eription of it. 


Obferv. 52. Ofa Book-worm. 


A defeription of it 5 where by the 
way ts inferted a. digreffien, experi- 
mentally explicating the Phenome- 
210 na of Pearl. A confideration of cts 
dige[live faculty. 


209 


Obferv. 53. Of. a Flea, 
axi Albert defcription of it. 
Obferv. 54. Of a Loufe. 


212 A deftriptionof its parts,and fome 


21 3 notable circumftances. 
Obferv. 55. Of Mites, 
The exceeding fmalnefi of [ome 


Mites, with a Conjeéture at theréas 215 


fen. 
Ob, 56. Of fmall Vine-Mites.: 


A. deferiptionef them 5 a gheff at 
their original ;. their exceeding male 
ne(s compar'd with that of a Wood- 216 
loufesfrom which they may be (ubbos d 


to ¢ome. 
Obferv. 57. Of Vinegar-worms. 
A. defeription of them, with fame 217 


confiderations on their motions, 


A de[eription of this Creature, and | Obf. 58. Ofthe Inflection of the 


Rays of Light in the Air, 


A fbortrebear[al of feveral Phe- 218 
nomena. <Anattempt toexplicate 219 
them:the (uppofftion founded on two 
Prepofitions 5 both which are indea- 
voured to be made out by feveral Ex- 
periments. What denfity and rarity 
is in refpeét of refra&lion: the refradti- 
on of Spirit of Wine compared with 
that of common Water the refrattion ?? 
of Ice. An Experiment of making an 
Undulation of the Rays by the mixing 
of Liquors of differing denfity, The 
explicattonof inflection, mechani 
cally and hypothetically ; what Bodies 
have (uch aninfle&lion. Several Ex- 
periments to [bem that the Mir: bas 
this propriety 5 tbat t proceeds from 222 
the differing denfity of the Air: that 

| the upper and under part of thé vir -° 
are of differing denfity ; [ome Experi- 5, 3 

| ments to prove this. A Table of the 

| frength of the (pring of the Air , an. 
fmering tocach degree of extenfians 
when firfi made , and when repeated. 224 
Another Experiment of compreffing 225 
the Air. Table of the ftrength of the 424 


Ó 


22I 


Miteryand'tbeir Eggs, A de[eription | Air , anfmwering to each compréffion 
214 of the Mites of Cheefe: and an inti- | and expanfion y from which the height 


of 


338 


The Taste. 


227 of the Air may be [uppos'd indefinite ; 

228 £o what degree the Air is rarifíd at 

any diftance above the Surface of the 

Earth : bow, from this, Inflection is 

229 tnferr'a s and [everal Phenomena 

230 explain’d. That the Air near the 

Earth is compos'd of parts of differing 

221 denfity s made probable by feveral 

232 Experiments and Obfervationt ; bom 

this propriety produces the effets of 

the waving and dancing of Bodies ; 

- and ef the troinbling of -tbe Stars. 

233 Several. Phenomena explicated. 
Some Queries added, 

1. Woether this Principle may not 
be made ufe of; for perfeét ing Optick 

234 Glaffes ? What might be hoped frem 
at ef 2t were to be done ? 

2. Whether from this Prénciple 
the apparition of [ome neiv Stars may 
not be explicated ? 

3. Whether the heightof tbe: Air 
may be defin'd by it? 
Ud tw Whether: there may not fome. 
times be fo great a diff harity'of den. 
fity between the upper and under parts 
of the Air, as to make a reflecting 
Surface ? ; 
y. Whether, tf fo, this wil not ex- 
plicate the Phenomena of the 
Clouds. An Experiment to this pur- 
jeje? 

236 7 Whether the Rayes from the 
‘top of Mountains are not bended into 
CO Curve-lines by inflegtion? An Argu- 
ment for it,taken from an Experiment 

made on St, Paul's Steeple. 
8. Whether the diftance of the 
Planets wih not be more difficult to 
237 be found? What wayes are moft like- 
lytore&tifie the diftance of the Moon: 
the may of fitting Yelefcopes for 
fücb Obfervations. How to make the 
Obfervations , and bow from them to 
find thetrue diflance of the Moon at 
any time, Hore the diftance of the Sun 
may be found by two Obfervators. The 
way by the Dicotomy of the Moon un- 


235 


739 


Moon may be le/s then it'bas been 

| bitherte fuppos'd. Kepler’s $ uppofiti- 
onnot fo probable: 
the Phenomena by 
thefis, 


| certain, That the diftance of the 
| 


another Hypo- 


Obferv. $9. Ofthe fixt Stars, 


Of the multitudes of Stars di £0 
verable by the Telefcope, and the 
vartety of their magnitudes: 78. Stars 
diffingurfbt in the Pleiades:that there 


the explication of 240 


are degrees of bignefF eden in theS tars ^. 


accounted of the (ame magnitude: the 
| longer the Glaes are, and the big ger 
| apertures they will indure, the more 
| fit they are for thefe diftoveries : that 
41s probable, longer Glaffés would yet 
make greater, di/coveries, 5. Stars 
di[covér d it the Galaxie of Orion’s 


Sword 


Obfery. 60. Of the Moon. 
. A defcription of Vale in the 
b Moons what call d by Hevelius and 


i42 


| Ricciolus;aud bom deferib'dby thems<; 


withwhat fubftances. the bills of the 
Moon may be cover'd, 4 defcription 
of the pits of the Moon, andaconje- 
&ure at their canfe: two Experiments 
that make it probable, that of the fur- 
face of boyl*d Alabafter duft feeming 
the moft likely to bé refembled by eru. 
ptions of vapours out of the body of the 
Moon : that Earthguakes [cem ta be 
generated much the fame way, and 
their effetts (eem very [milar. An Are 
gament that there may be [uch varia- 
tions inthe Moon, besaufe preater 


have been obferv'd in the Sun:becaufe 


the fub[lante of the Moon and Earth 
ftem much alike : and becaufe *tis pro- 
bable the Moon has a. gravitating 
principle : this ts argued from feveral 
particulars, Thereafonwhy feveral 
pits are one within another. The ufe 
that may be made of this Inftance of 


agravityinthe Moon, 
: ERRATA, 


TO 
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MEM i LL A omen 


ERR ATCA. 


N the Preface, Page7-line 18. read feet : line 24, read Gilbert, Haroy. 
[| Page 1 5. line ult. read ia(le : p. 34.1.1 8.r.fmall lens : 1. penult. r, that proceeds from : p.40.1. 44.t.t»ben you: 


p.48,1.34. t. broadeft: p-$7.1e 39.dele be:p. 62. 1.36. r. water-drop : p.64. 1.9.r.dultion ef G AC H: 1.35.1. im- 
prefsions ¢ p« 96.1. 33. t. compofe > p.160. 1. 11, r. Merfennus: p.106 LS.nexsreamly : p. 310 18.r.as 2 Ll 12. 
r.thofe: p. 1t 2.1.32.1.Aldromandas;Wwormius 5 p.1 211.9 dele of : p.128,1.43, dele from:p. 129.1.18.r. fifth place ¢ 
p.139. 1.19. r. Aerial menfliuum 2 p. 136.1.39.r. knew bow : p. 144.l. 2, r. parts of the? p. 147,1.36. r. look'd on: 
p. 161. L1 3.1. body? p: 1621.17, dele only: p. 166. lrr.r.2a : 1, 12, dele the Semicolon: Ll 17. r, place: 
p.167. 1. 49. r.322 p. 171.1. 18. t. and firfl for the =p. 98.1. t7:r.and an artific. p. 215, Lule. c. and from the ¢ 
p. 2211, 4. t. whence the under: p.234,1.1 8.0.60 bope : p.238.l.43.r.is wor lefi : p. 249.1.19.r. Moon. 
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